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PREFACE 

The object aimed at in this volume iB to deal maiol/ with the practical 
sideof BailwajSarveyingaDdPermaneDtWayConstmctioiiiakiiowledge 
of SmreyiDg in general being assnmed. 

The aatbors gained their experience aa membera of the etaffs of two 
leading English Railwa^B, and also when carrying cub railway work 
abroad. The knowledge thus acqaired of the best English practice, as 
well 08 of the methods adopted in the constrnction of economic railways 
in onezplored and andeveloped conatries, has enabled them to deal with 
the snbjecb from the practical point of view. lUany of the methods 
deecribed are original ; some are traditional among Railway Engineers ; 
and some are those adopted by American Engineers, acquaintance with 
which is necessary for the more complete study of the subject. Little or 
none of the matter indnded andet " Permanent Way " has previously 
appeared in print, and it is hoped that this will be of mnch assistance bo 
the young permanent way engineer. 

The authors are indebted to Mr. W. H. Shortt for matter from his 
paper "Practical Method for the Improvement of Existing Railway 
Cnrres," read at the Institution of Civil Engineers on January 12th, 
1909, and to Ur. James Glover for the mathematical treabmeat of 
Transition Gnrves from his paper " Transition Curves for Railways " in 
the Minnbes of Proceedings of the Insb. CK, vul. cxl. p. 161. 

S. W. P. 
F. E. G. B. 
ClTU. ExamzBKDiB Duabthbnt, 

UHrTKBBITV or LiTBIPOOL. 

s^u^^.K,^. 434C99 

D,i„Mb, Google 



b, Google 



CONTENTS 

I. Clabeificatioh of Bailwats . 1 

II, IUlI>WAT EXFLOBATIOH OB BlCONNAIBHANai .... 7 

ni. BiDOHHAiSBAHaE III Tbopicai. Couhtbibs .... 27 

IV. Tbb Pbujminabi SuBVBr 87 

V. Offiob Looatioh 64 

YI. Fibu) Logatioh 92 

VII. Looahoh 99 

Vin. Tbahsition CuKVBfl 128 

IX. Thb Spi&ALLiNa or Exibtino Bailwat Citbtbb . . IM 

X. Railwat SuBTBYiMa n tab Uhitbd Kimodoh . . 176 

XI. Sbttimo Out Woke fob Cohbtbuotion .... 187 

XII. FmuNBHT Was 304 

XIU. PBfiUMBtiT Wat (eonUnued) 2fi0 

Apfbndix L Babombtbic Hvpboiibtbt and Tablbb . . 279 

Apfbhdiz II. Tbanbit or Bia Loads 288 

Appbhdix III. M1SCBI.1.AKB0119 Tabus 283 

Ikdix 299 



by Google 



LIST OF FOLDING PLATES 

16. HAsa CnRvi 74 

18. TopoasAPHiCAi. Pun .83 

19. Fkofilb and Mass Cubtbs 82 

28. Plan 97 

66a. SpiKALLiHa AHD Impbovbhbnt to bb applhd to zxistino Cdbtb 168 

62. WoBKnta Plak ... 180 

6S. LoKarrnDiMAL Sbctioh of Dovb Flan 180 

110. Point and CKOssiNa Duokam 2S8 

116. Ihpeotbhent or Railvav JotrcriON 242 

128. SnpBB-BLBTATioN OF Odtxb Bail at Cdrvbs .... 257 

126. Mbthod of auppoKTiNQ Sails on Blbbpbkb .... 264 

186. 60-rT. Rails oh Tihbbb Waoohs 284 

187. Ubtbod or Tbanbit op Pbopellbb Shaft .... S86 

188. Hbihod of Trahsit of Lonq Timbxbs . - . . 286 
140. Mbthod op Tbakbit of Stbbl Oiedbbs 298 



by Google 



THE PRACTICE OF RAILWAY SURVEYING 
AND PERMANENT WAY WORK 



CLASSIFIOATION OP RAILWAYS 

From the highest class of maio trnnk line with its gentle gradients, 
long lengths of straight, and its flat cuTres, over which fast and heavy 
traffic is hanled with ease, to the cheap BurFace line or light railway with 
its steep gradients and frequent and sharp cnrves, railways are to be 
found graduating throngh every intermediato stage without any break 
to form a line of demarcation. Bnt for coDvenience and, aa it were, 
to fix some "landmarks" from which to study further refinementa of 
classification they may be divided into three classes. 

(1) The Main of Tnuik Line.— This, somewhat like the mun river 
of a la^ drain^e baain into which all tributaries flow, is the great collec- 
tor and distributor of traffic, and aa such must be able to cope with the 
eTer-incTeasing flow of traffic from its tributary lines. Thus it happens 
that the whole railway system is dependent upon the main line for its 
operotmg efficiency. The greater the traffic over any part of the road 
the greater becomea the need for a higb-claas working line. Lines 
through thickly-populated districts, through large industrial areas, 
whether mannfactnring or mining, or csunecting such districts with 
commercial seaports, require to be of a high class in order to cope 
adequately with the heavy freight and passenger traffic. But snch 
lines anticipate already settled country. 

The development or partial devdopment of new countries rich in 
minerals or agricultural lands will require the main line of railway to be 
of a quality dependent upon the rate of development anticipated. 
Trunk lines in the United Statea and Canada, which were laid through 
country with little or no habitation, had to depend for their tniiSc upon 
the development resulting from the existence of the railways themselves. 
Sach development and consequently such traffic cannot be very closely 
estimated for any particalar time. A country which has to depend 
upon the railway, in the first instance, for its inhabitants, may be very 
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Blow ut >de;«tp{ipg. uhl in ■ jinJrjdtng anfficient Irafiic to make the 
railwir'4 pafii^'iwncbrD.: .Ob-,t£iB account some of the great pioneer 
roads, though they were main lines and intended as such, had to be 
bnUt with the anticipation of little traffic for many years. The 
Canadian Pacific Railway is probably the beet example of such a line. 
In this oaee, in order to connect the rich agricnltnral and mineral areas 
tt^ether and with the seaports, enormone lengths of line had to be built. 
The coat of this work was colossal, yet not nearly as great as it would 
have been if a high-class main line had been conabructed. It is a 
principle of railway construction in America to expend no more on the 
oouBtrncbion of a line than the traffic within a few yean is likely to 
jaatify, and when the volume of traffic requires a better line to make a 
further outlay in carrying out the needed improvements. 

The surveying of a cheap main line with a view to ite Bobseqaent 
improvement is work which can only be performed by a capable railway 
engineer. The line has to be boilt cheaply, but it will ultimately need 
to be high clasa. Economies may be practised by snbstitnting for long 
embankments wood trestle viaducts, and heavy cuttings may be 
materially lightened by making steeper gradients. At a Bubsequent 
time when the traffic justifies it this steep gradient may be improved \ij 
additional excavation and the material possibly help to fill an embank- 
ment on a Bite previously occupied by a trestle viaduct. This Li only 
one example of what can be done, but if subsequent improvemenls are 
kept in view when the first line is constructed, they can be performed 
more economically when the time for them arrives. It is difficult to 
build a main line and expect it to pay for itself from the b^inning. 
Even the inferior gradients of a cheap main line are superior in most 
cases to those which must be adopted if the line is to pay ite way from 
the first. 

In the case of main lines the matter of investigating the amount of 
traffic likely to be obtained in certain districts is not so much dealt with 
by the locating engineer, since the main points to be oonnected have 
been decided upon usaally already. But in the case of making a choice 
between two routes of aomenhat equal merit a decision may be arrived 
at on the traffic basis. 

It is not always economical to improve the existing line. Sometimes 
it is found cheaper to construct a new line in a different location which 
provides the better-class curves and gradients required, raid at the same 
time opens up new country. The original Canadian Pacific main line 
from Montre^ to Toronto, vid Peterborough, is through country bo 
difficult that the cost of improving the line and obtaining a much better 
ruling gradient, which was very necessary, to cope with the rapidly 
growing traffic, proved too heavy and an entirely new line, having first- 
class gradients, was bailt through other country to take the place of the 
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CLASSIFICATION OF RAILWAYS 3 

diflicBit aectioD of the original line, in spite of its having to compete for 
mnch of its length with two existing Toads. 

Allbongh a main line ia expected at many points to h&Te branch 
Itnee feeding it, it is false economy to cooetrnct it always throngh the 
easiest conntty, leaving to braiu^ lines the tapping of the most fertile 
or rich mineral areas. If it is possible withont Berionsly spoiling the 
gradients or alignment to bring the main line throngh these areas, the 
saving in the working of branch lines may be effected. 

(2) Branob Lines and Seoond-olass Bailways.— In the British 
Isles second-class lines will pass throngh country only moderately 
popalated and wiLh fewer indnstiies. Their goods and passenger traffic 
will be derived from small towns or villagei frequently at considerable 
distances apart Snch lines are naturally very important for die 
districts throngh which they pass and often bring about the develop- 
ment of some into large and important business centres. But prior to 
' that their tralSc is not sufficient to qualify the road for those imjnxive- 
ments which raise main lines to a high standard. 

These second-daas lines in a constry like Canada can only be 
constructed very cheaply, and then may have to exist for years on small 
profits until the district through which it passes becomes more 
developed. Bat branch lines are important feeders to the main line 
and can often be operated at little additional cost to the system. Even 
though a branch line may not in itself appear to pay, the benefit to the 
whole system resulting from it is sufGcient to justify its existence. 

As the object of the branch line is to bring business to the main 
line from some town or industrial area, there ia no object in making it 
longer than the length necessary to connect directly the town with the 
main line. Consequently, if the topography permits, the line shonld 
be laid in a direction as nearly square to the main line as possible, only 
turning oS to connect to the latter by a carve. An important exception 
to this rule is when a town on the main line is connected to a town at 
some distance from it. In that case the branch line should take the 
most direct route between the two towns and not first strike the main 
line by the shortest routo. A direct line encourages traffic between two 
towns where an indirect one often fails to do so to any important 
extent. Again, sidings will exist on the main line at the town and can 
be used by the branch line also, and the jnnctiou can be worked there 
with no additional expense. 

The gradients adopted on branch lines are always much steeper than 
on the main line, as the freight is hauled in smaller train loads and for 
shorter distances. It is a great mistake to compare the cost of haulii^ 
on branch lines with that on the main line. The main line is the great 
machine for economic hauling npon which railway systems depend for 
making their profits, but withont the branch lines to supply the main 
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line little freight wonld be provided, upon the hanling of which the 
maiD line could prove its efllciencj. On this acconnt induatrial areas 
anyvliere within reasonable distance from the main line must be con- 
nected with it, if the commnnity in that area ia at all prt^eesive. 
Eren throngh very difficnlt country the branch line ought to be con- 
Btrncted, and consequently steep gradients are not infrequent on such 
lines. 

In the case of a new railway system, the selection of pointe at which 
branch lines should be constmctcrl should be entrusted to one familiar 
with the districte through which it patiaes and capable of arrivii^ at the 
relative valnes of the business likely to be provided for the railway by 
each community under consideration. Locating engineers are sometimea 
required to report upon the probable volume of trafSc to be derived 
from branch lines throngh certain districts, but their estimates mnst be 
frequently wide of the mark. Freight ^cuts or others whose busineBs 
is to deal constantly with the procuring of traffic should be able to 
perform this duty much more satisfactorily. 

(S) Third-olaBS Roads and Light Bailwayi. — The branch lines 
referred to above as having very steep gradients really belong to this 
class. They are constructed through poorer districts and such as provide 
less traffic or run a consideiable distance to a factory or a small mining 
centre. They are more or less surface roads, and sometimes are con- 
structed with a narrower gauge than the main line. 

In the United Kingdom light r^lways would come under this 
category. Those which are laid ont partly on the high roads and partly 
almost on the surface through fields cost very little to construct, but 
their gradients and curves prohibit a high speed. Quarries, mines and 
factories sometimes build narrower gauge (from about 2 feet upwards) 
lines for their own convenietice, and also to connect them with the nearest 
railway. Such lines suffer from the inconvenience that their rolling 
stock cannot be taken on to the main line, necessitating the transhipment 
of all freight unless the trucks are so constractcd that they can be 
lifted off their wheel frames by a crane and placed thus loaded on the 
main line cars. The limiting gradients used on some of these lines are 
extremely steep and the curves nearly as sharp as those adopted by 
street-car linefl. 

General Remarka. — The need for so many classes or groduations 
of classes of railways can be found in the fact that the expenditure on 
each railway should be in proportion to the traffic expected. Consequently, 
even in easy country, those refinements in grading which may be carried 
out with little additional cost and convert the road into a high-class one, 
are often omitted because the probable traffic is not sufficient to warrant 
even this small increase in expenditure. Again, in difficult country if 
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the traffic prospectB are do better the expenditare should not be aay 
heavier, bat the resnltiog i-oad will be inferior. Thus here the same 
coDdition of traffic provides two differeot types of roads because the 
topographical cooditionH of the eountrj in each case is different. Now 
it is only necessatj to vary the traffic prospects in each case as well and 
farther classes of roads will result. 

When starting a snirey for a railway the locating engineer mnst 
know approximately the average expenditare per mile at his disposal, 
and from that be able to determine on the site the best class of road he 
may expect to build. Any improvement in the line at first located 
which rednces the annual operating expenses by an amount greater than 
the annaal interest on the capital so expended on improvement must be 
carefnlly considered and carried oat if possible. It is in paying atten- 
tion to these problems throughout the whole survey that the locating 
engineer arrives at the moat suitable and ecouomiG line. A simple 
instance will exemplify this. A new line is being surveyed running 
east and west. The heavy traffic has to be hauled east and very light 
traffic west. Two sections of the line have ruling gradients of '4 per 
cent. (1 in 250) and '6 per cent. (1 in 16G) respectively against the 
east-bound traffic according to the first location. There are 3 miles of 
*6 per cent, gradient in the tatter section, which is 25 miles long. 
Using the anits adopted in America to simj^fy the calculations the 
following may be asanmed : — 

That with modem rolling stock and heavy engines 2000 tons can be 
hanled up a '4 per oent. gradient and 1400 tons can be hauled up a 
'6 per cent, gradient. 

That for purposes of calculation the cost per train-mile may be 
taken as SI 0. 

If the 3 miles of '6 per cent, gradient can be reduced to '4 per 
cent, at a cost of 5 miles more of distance at $oO,000 per mile, the 
atrnnal cost of operating each line will throw useful light on such 
improvements and their cost. 

Assuming that 4,000,000 tons per annum Is baoled eastwards. The 
cost of operating each line is as follows : — 
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Operatmg the sertion of line «i]un -6 ptr eerU. in /he ru/ing gradient — 

* 9S M P2 X 25 X $1 = $74,286 = coat of eaat-bonnd traffic. 

The same traitia Imaled westward = $74,2R6 = coat of west-bound traffic. 

Annaal opemtingeipeDses = $148,572 

Operating the section of line when -4 per cent- is iU ruling gradient — 

^"aXT" X 30 X »I = $60,000 
is cost of eaet-bonad traffic. 
The same trains hauled westward = $60,000 
is cost of weal-boDud traffic. 

1^0,000 

.'. Differunce in cost of opemting = $28,000 
But the cost of additional 5 miles of line at 
$50,000 per mile is $250,000 aad the 
interest on this at 4 per cent. = 10,000 

Annual saving from the improved gradient = $18,000 

It is assumed above that the west-bouud brafflc, which is light, can 
be hanled against any gradients exiatiug in that direction. 

The saving of $18,000 annually by adopting this improvement 
sn^esla that even if the additional 5 miles of line was conatracted at 
greater cost per mile than $50,000 the ma^in in favour of the improve- 
ment is still considerable. Again, assuming that money can be borrowed 
at the rate of 4 per cent, annual interest, $18,000 will pay the interest 
on $450,000 which latter sum can be expended, in addition, on the 
congtmctioQ of the 5 miles or $90,000 per mile, making in all the cost 
of constrncting the additional 5 miles, $UO,000 per mile, if necessary. 
In this wiiy the limita within which it is economical to alter a ruling 
gradient in fsvonr of a better one arc shown clearly, provided the 
assumptions of the amount of traffic and the cost per train-mile can be 
relied upon and the ratios of tons haulable on the respective mling 
gradiuntA. 

Many problems of choice between routes or the improvement of 
routes can be solved in this way by estimating the cost of operation 
under both conditions, but some experience is necessary in estimating 
the amount of present, probable or nltimate traffic to be derived from 
the district But the great problem which confronts the locating 
engineer is that of selecting the most suitable strip of conntry within 
which to attempt to locate a satisfactory line. The study of the terrain, 
with its ever-changing surface, for this purpose, is carried out during 
the reconnftissance surveys, particolara of which are given in the nest 
chapter. 
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CHAPTER II 

RAILWAY EXPLORATION OR REC0NHAI8SANCE 

Pbiliukaav Rbconhaisbancb 

PBBLnaiTABT explorations are fiiat carried oat hj an experienced 
railway engineer, and the Tesnlta are tben noade the basis of an estimate 
for submission to the directors or others rcpreseating the financial 
iDt«rest« of the proposed line. 

Oa such a TeconnaissBiiGe obHenrationa are taken of the agricnltnral 
Doesibilitiai of tha conntrv and of any evident prospects of lmiperal_ 
developmea t, th a population is note d, t.hp. n^igu pt and natnfe of ^j i^ 
uldnrtrtM . and the tnpnyryphinal fpatnifw ; and comparing these with 
districts which hare already been developed by railways, an estimate of 
the probable volnme of traffic both present and fntare, as well as the 
type of line and its varions characteristics, and the approximate coat of 
conetniction and operstion is made. 

Bat reconnaissance for route which is nsnally subsequent to the 
above requires to be pnt into practice as soon as it has been decided to 
constrnct a railway, if feasible, through the district. 

The extent of the work needed for such surveys varies enormously 
with the nature of the country and the quality of its available maps. 
Thus in a densely-populated country the object of the railway would be 
lost unless it passed through certain towns or "governing points." And 
if these should be fairly close together the deviations of the line are 
enclosed between narrow limits. Farther, as excellent topographical 
maps of BQch districts frequently exist, it is possible to place the line at 
once within still narrower limits. Such conditions usually exist in this 
coontry with our dense population and our ordnance plans giving 100- 
foot contour lines. In such cases the reconnaissance survey means little 
more than sketching the approximate position of the railway on the 
ordnance plan in the ofBce before starting over the ground, and then 
finding the position of, and walking along the course of, this line on the 
groond, for the purpose of further sketching on the plan any improve- 
mrats which the site reveals. This is necessary as lOO-foot contour lines 
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are nob Bafficientlj cloee to each other to eliminate entirely the need of 
reconiiaisBaiice. (The maps of the United States Geological Survey are 
usually to a scale of 1 inch bo the mile with contours at 20-foot 
inbervak, but are not yet prepared for the whole of the country.) This 
closer approximation to the best positioD of the line to be snbeeqaeDtly 
surveyed is of inestimable value, because any effort to deviate sufficiently 
from the approximate route in the subsequent or location surveys, can 
only be done at considerable expense and loss of time ; and the actual 
cost of such reGonnaiaaaDce surveys is very small. 

Again, in more sparsely-populated districts, although good maps 
may be obtainable, to simplify this part of the work materially the 
gorerning points are probably much farther apart, so giving a wider 
area within which bo find the most economical location of the line, snd 
consequently involving a more extenalTe examinobiou of the country 
dnring reconnaissance between these governing points. But it must not 
be supposed that towns or factories or other industrial enterprises are 
the only governing points to be considered in railway exploration 
surveys. Although the earning capacity of a railway is a very important 
factor, the cost of construction is also of primary tm{M)rtaiice. The 
topography of the country must be studied, and such points as the 
lowest pass through a range of mouataios or the narrowest point of a 
deep river gorge are essential governing points. 

In conductdng a reconnaissance along the probable line through auch 
a district, although good maps will emible a fair approximation to the 
liest position for the road to ba fixed in the office, the actual work in 
revising that line when on the ground will be much more arduous than 
in the previous case, as a wider belt of country will reiiaire to be 
examinoj. 

Again, if the maps of this sparsely-inhabited country be very poor, 
giving very little natural or artificial topography, it may be impossible 
to sketch a trial route on the map in the office, on account of the 
scarcity of information given on it, in which case the skebcliing-in of 
the trial route must be done when on the ground, and may even be 
revised several times before the exploration work is complete. 

Again, the most general case of a reconnaissance survey is that 
through an uninhabited district, which may require to be crossed in 
order to reach rich agricultural or mining districts beyond or to make 
a more direct route to other railway extensions. Here no governing 
points will exist except those provided by the drainage system and other 
top<^raphy. Consequently the study of the topography in order to find 
the most soitable route requires a much more careful examination and 
comprehensive grasp of the nature of the country, as a whole, than in 
any of the previous cases. 

ReoonnaiBsanoe Boriay for Boate.~The main object of a 
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reconnaiBBapcfl smrey for route is to aaoertaic on a map, or on the 
gronnd, or on both, the approximate position of the trial route to be 
followed hf the traverse line of the prehminary partly when making the 
detailed anrvey. The above information may be conveyed to the chief 
of this sarvey party in various ways. If good mape exist he will be 
armed with one of these with the ronte carefnlly sketched on it. In 
addition to tbia, sketches to a larger scale will be given of the govemii^ 
points and other important points which may be ill-defined on the plan. 
Again, if no plan exists, rough sketch-plaDg with the route marked 
on them are prepared on reconnaissance and g'iven to the chief of 
party. 

Another object of the reconnaissance survey is to select camping 
sites and the means of transport to such sites. 

The objediB of a reconnaissance survey when expressed in this way 
may seem Email, but when it is realized that the engineer is investigating 
properties of a large area and using his own judgment to eliminate all 
but a narrow strip of it, it will not be difficult to grasp the far-reaching 
effect of this work and the need for its being well done. 

Types of Raoonn&iBsanoe SonreyB.— Many types of reconnais- 
sance surreys could be defined, but dealing with the matter on broader 
and more general lines, reconnaissance may be divided into two 
operatioDB :— 

The first, a general investigation of the whole stretch of country 
between two governing pointe, to enable the engineer to become familiar 
with the broad features of the country and to decide where one or two 
trial routes should be Uiade. 

The second, a more detailed investigEition to define more clearly the 
actual line which the preliminary survey party shall follow for their 
traverse. This is usually made a few miles ahead of the survey party 
each day, and the marks defining its direction on the ground can easily 
be pointed ont by the chief of the party to bis assistant or the 
transitman. 

First RsoonnaiasanM. — This can be omitted where sufficiently 
good maps ef the country exist, to enable the approximate position of 
the trial rentes to be located on them in the office. If an engineer 
inexperienced in this class of work is suddenly called upon to carry 
out the reconnaissance of a hilly or semi- mountainous district between 
two governing points, say 60 miles apart, he will at once realize that 
his task is no easy one. But when, after having taken up his position 
at his starting point with field glasses and hand-level or clinometer 
and decided upon one of several possible directions to follow, he moves 
forward in tlut direction and agtun observes that part of his field of 
vision at closer range, his mind is suddenly awakened to tha fact that 
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tbc deceptivenesa of ftppeannces alooe will make his task a very oii«ons 
one. Thm, Bhadowa in a solid range of hiUa ma; enggeat convenient 
TallejB and monntain pasaes and, on the other hand, hills overlapping 
each other may offer the appearance of a solid range of hills, whereas 
when approached may be f oond to have promising valleys between them. 
Also a promiBing valley, even when observed from doeer qnuteis, may 
not reveal the fact that it is a cul-de-sae, to emei^ from which the 
difficnllies are so great that this trial route may need abandonii^ 
entirely. Again, the nnmber of possible rontes radiating from each 
obaemtioD point, which the ineiperienced explorer may be onable to 
redace without a closer investigation of each individnal one, may be so 
great that the task of the surveyor will seem endless. A little experience 
in this class of work will enable a nnmber of these rontes to be elimi- 
nated in the early stages. Also a knowledge of some system of dealing 
with these problems will enable the snrveyor to set abont his work in a 
more decided, and at the same time exhaustive manner. 

The Drainage Bystam as a Guide to Topo^aphy. — A complete 
study of the drainage system of the district will supply very con- 
vincing evidence of many of the topographical features such as ridges 
and valleys. Many important American engineers have pointed ont the 
importance of Btndying the drainage system. On the first reconnaissance 
a rough sketch plan of the drainage system should be prepared showing 
main rivers and their tributaries and as many of the snbtribntaries as 
possible. This can be done on squared paper. With such a plan, 
supplemented by a few levels, much can be accomplished towards 
sketching in approximate contonr lines, and more especially by one 
having a fair knowledge of geology and its relation to topography. The 
topographical forms characteristic of each district have their history 
and origin secreted almost invariably in the geological strata beneath 
them. Again, valleys which have one side steep while the opposite side 
slopes very gradually are revealed by a study of the drainage system. 
Thus the slope of the side of the valley on the right bank of the river 
in Fig. 1 is obviously steeper than the opposite side where the tributaries 
are much longer. The slopes of the sides of a ridge can be studied in 
just the same way by a study of the drainage line on each side of it. 
Again, the nature and gradient of a valley bottom can be predicted very 
accurately from the form of the river. Fig. 2 shows a very sluggish 
river meandering through very level country, whilst a straight river 
BQ^ests a rapid flow and therefore a steep gradient. 

To the engineer who has studied these thii^, all these and many 
other facts are so familiar that they become a second naturei 

First Trial Direction of Route. — In exploring between governing 
points it is natural to follow the most direct line, and if passible a 
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straight line joinii^ these points, in the hope of finding a like); 
location there. Still, with the chance of a better location being fdand 



elsewhere, it is particnlarly important that mnch of the area on each 
side of the direct line between these tying points ehoald be examined. 
There is no worse habit for an engineer to practise tlian that of 




annDiing the ronle be has selected ia the best without sufficiently 
ioTeetigating Uie posailHlities of all other rontes. To oondemn a roate 



iv.Goo^^lc 



12 RAILWAY SUKVEYINQ 

M not feasible ahonld only be done after careful investigalion has 
proved it to be bo. Bccanse even if the roQte is obviously a difficult 
one, the other more promising routes may Bubecqueotly prove impoesible 
and it may then be necessary to continne the condemned loate. 

Hodu of CODTeyanoe. — In his stody of the broad features of the 
country and also the various roads and trails, the locating engineer will 
be influenced by the distance between the governing points and to Bome 
extent the nature of the country and maps available, as to what mode of 
conveyance lie will use. If the governing pointa are not more than 10 
miles apart and the maps on which he has located a trial line good, he 
may find it most convenient to travel on foot on account of the devia- 
tions from that trial line being very small. Bnt if the trial line 
connects more distant governing points, or if inferior maps render this 
trial line of very doubtful value, a much broader belt of country will 
need investigating, and travelling on foot will be much too slow, and 
will also deprive the locating engineer of that broader view of the 
features of the country wliich are so essential when conducting recon- 
naissance. Travelling on horseback or in a light cart is more satisfactory 
for this work ; occasionally where roads exist a bicycle with cyclometer 
has proved very serviceable. Of course, occasionally, it occurs that 
even a horse cannot get through the undergrowth, and then there is no 
alternative but to make the exploration on foot. 



The Inbteumbnts most Commokly Uhew for Rbconhaibsakce 

The prismatic compass, th^ hand-level, or better a clinometer which 
can be used as a hand-level, such as an Abney level, the field glasses, 
and the aneroid barometer are principally need. A stadia theodolite 
may be used to make a rapid survey of the country where no maps are 
available, bnt in dense forest, as is found in the tropics, this is useless 
and the beromet«r is essential to obtain levels. This would mean both 
an aneroid with the explorer and a mercurial at some central station. 

Although many engineers believe implicitly in the use of tlie 
barometer for levelliDg purposes on most exploration work, whether in 
the open or in dense forest, its advantf^es are very doubtful in the 
open where stadia surveys can be made eo rapidly and afford as high a 
degree of accoracy in the levels as can be obtained in the horizontal 
measurements. (The method of using the barometer will be dealt with 
later when discussing exploration in tropical forests.) 

The Prismatio Compass.— The properties of the prismatic 
compass are given in any book on Plane Surveying ; but its advantages 
for this class of work are : its compactness, the ease with which tlie 
bearings of objects sighted upon can be taken to SO minutes of arc. 
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This is due to the mi^nifying power of the priam. The gmdoations 
usually give whole circle bearingB from 0° to 860°. 

The Hand-IieTel. — This is usoaUy about 5 iDohes loog, though some 
can be pulled out telescopically'to a length of 6 or 7 inches, which is an 
adTsntc^ for steadjing the bubble. The hand-level, which should be a 
good one and tested for accuracy, is useful for aightiog objects and parts 
of the terrain at the same level as the eiplorer. 

The dinometer. — This is somewhat similar to the band-level with 
a vertical graduated arc attached, the bubble tube being fixed to the 
pointer and free to move to any angalar reading on the arc. When 
set at zero it is parallel to the telescope and oan then be used as a 
hand-level. 

The Tacheomeier of Stadia Transit.— This instrument, which 
has been mach used in India in the past, is proving its value by the 
more frequent use to which it is now pnt. It is much used in North 
America for milway work. It is moat useful where no maps of the 
district exist or where the maps that do exist contain little or no 
natural topography. It is possible sometimes with one of these 
inatruments and fonr or five stadia rod men to make a rapid topo- 
graphical survey of a belt of country about 2000 feet wide and extending 
5 or 6 miles in one day. Of course, this survey does not contain small 
detail, but a good general sketch of the country, in which all the 
prominent features are shown, the levels being of about the same degree 
of accnracy as the horizontal measurements. 

Methods of Heasopinl Diatanoe.— The matter of measuring 
distance on reconnaissance is a difficult one except in the case of stadia 
work, or where a bicycle with attached cyclometer can be used. 
Odometers (an odometer is a wheel which records the distance Covered 
by it as it is wheeled forward) and pedometers (these give the number 
of 1 paces taken) are recommended by some, but the former are unsatis- 
factory as they need boo much attention. Probably the most suitable 
method of measuring distance is by timing. A man walking long 
distances keeps to a r^nlar stride, except occasionally in difficult 
ground and up or down hill. The same applies to a horse when ridden 
or driven long distances. Its average speeds for walking, trotting, and 
galloping can all be tested and will remain wonderfully constant. Thus 
the distance from one point to the next can be determined by observing 
the time of passing each one, and paying due attention to the mode of 
travelling from one to the other, and modifying the result if the country 
has been very hilly or difficult to traverse. For this purpose field notes 
are frequently taken with a time column along one edge of the page, 
and the central space used for rough sketches showing the objects 
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pused at the times on the same lines. There is no doabt the notes can 
be taken qnickljr, though the descriptions at times may be long, bat these 
notes are afterwardB used for plotting the obeerred detail npon the map 
of the oonntrf. 

FoFDU of Field Notas. — Probably the beet method of obtuning 
notes is to plot them directly on to portions of the map of the ooontrj, 
which is drawn to a scale of 1 inch to the mile, the map being covered 
with 1-inch squares representing sections. Maps to thia scale can 
nsoally be obtained. And even if maps of the district are non-existent 
it IB probable that field notes on this inch-sqnare paper are most 
serviceable, as they enable the explorer to place the objects observed 
more correctly in their relative position, and they need not be any 
source of delay. The method will be more clearly understood by 
studying Fig, 3, which represents a page from a field note-book used on 
reconnaissance. This note-book was made of sections of the only 
available maps of the countty. These maps gave the section lines and 
the rivers. The maps were cut into strips, 6 sections long by 3 wide, 
and these stripe were pasted into the left-hand pages of the note-book. 

Distances were measured by a pedometer and also by time. These 
methods proved of about equal value, and at times equally useless, as it 
was foaud when traversing difficult ground the average length of the 
stride was not maintained and also the time per mile was greater. How- 
ever, checking on the section and quarter-section corners prevented 
any accnmulation of error in distance. 

In Fig. 3, starting from section corner 20, 21, 28,29 (the latter two 
only appear on figure], and moving north by prismatic compass a 
distance of about three-quarters of a mile, the line of flood level cuts the 
path taken and verifies a probable position of this line as observed a 
quarter of a mile back. This enables a few points on the flood-level 
line to be marked on. Also a sand hill was observed about half a mile 
to the lefL 

The flood line continued along the path to the next section comer 
(29, 28, 33, 82), and at this point the sand hill was estimated to be 
about a quarter of a mile to the left, whilst on the right a portion of the 
river valley is occupied by a swamp. 

Having sketched in these, including the flood^level line np to thia 
point, and also the approximate edge of the sand hill, the direction is 
continued north, and more points are located in the flood line and also 
the sand hill. A trail running east and west is crossed at section 
comer (32, S3, i, 5), here the aneroid reading gave reduced level 
210-0, here also the trail rans north following the seclioa line fairly 
closely. Having continued north for about half a mile, the trail 
crosses Oander Greek. A level well-drained sandy prairie close to good 
running water on the south side of the creek suggested a anitahle cunping 
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site. On the right the flood level &pproached to within 600 yarda. 
Continuing to section corner (5, 4, 9, 8), a high mountain is located 
with its base abont half a mile to the leTt. The trail now takes a 
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direction aboat N. 40° E., the direct line north mnning into hilly 
coantry. Following thin till it passes close under a rock? binff, the 
point where it croBses the section line is estimated, and then a direction 
due east taken till section comer (9, 10, 15, 10) is fonnd. 

Moving north from this point about 200 jarda Narrow Creeli 
Stream is crossed and flood level loc^^ abont 100 yards farther. 
Havii^ thus continued till this page of notes was complete, the points 
marking the sn^ested position of the preliminary sarvey are connected 
np AS shown in Fig. !). Here the governing points ai« (a) between the 
sand hill and the flood-level line, and (b) between the rocky bluff and 
the flood-level lino. 

Notes of this kind can be made rapidly and many miles covered in 
the day. But if ib shonld be necessary to embrace a wider strip of 
country this will probably necessitate a parallel trip being made some 
days later, as it is nsnal for locating engineers to return over the same 
route they have followed on their oatward jonrney, as the topographical 
features of the country present a rather diCFerent appearance when 
viewed from the opposite direction, and much further detail can be 
noted and that already noted modified. 

Selsotlng Areas and Rontes. — Much of the country between 
governing pointe can be covered on reconnaissance, but it is necessary to 
make a sketch map of the whole belt covered. In difficult country a 
study of thoBB points which topt^raphically govern should be the 
principal object of the first exploration. Then having foand the limits 
of their controlling effects and located their positions, the engineer is is 
a position to decide if any of these governing points should be 
abandoned, and how best to connect those still retained. It is mnch 
better not to abandon any controlling points than to do so without 
thoroughly investigating the matter, as a route once condemned wilt not 
be further investigated during the period of conducting the survey. If 
the previous areas of country surveyed suggest that a '6 per cent, 
gradient or about 1 in 166 shall be the ruling > gradient if poasible, and 
that the maximum corvatore allowed will be that given by a i" or say 
32 chains (66 feet) radius carve, and it is found that by making a fairly 
direct line towards the governing point renders the gradient steeper than 
the ruling gradient, a farther attempt may be made for approaching 
this governing point by means of development.^ Yet it generally 
happens that where development is needed the chances of acoomptishing 
it satisfactorily, and at the same time conforming to sach strict 
cnrvature requirements wonld be small. But this is no reason for 
failing to thoroughly investigate the poasibilities of such a route, which, 
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if Suallj adopted, may prove to be that which cooibinea best with the 
moat saitable location beyond the governing point. 

PreoantionB In Si^tln^ on QoYarnlnj PointB. — When fixing 
these topographical governing points on the sketch plan or map, rapid 
work can be done if compaas bearings to them can be taken from 
known points on the map, such as section cornere if these are given and 
can be fonnd on the ground. In making compass obaervations of this 
kind the actnal object which can be sighted on may not be the 
governing point bat near to it. Such objects as monntain passes are 
seen very differently from different points, and it is frequently fonnd 
tliat the second observation is on a point some distance away from that 
first observed on account of the parallactic displacement of the sides of 
the monntain pass. For this reason it is well to check the position by 
making one or two more compass observations, or as the explorer will 
need to pass through this governing point when investigating its 
possibilities, a bearing and a distance will fix its position, the distance 
probably being determined by time. Bat the most satisfactory method 
of locating on the map such governing points is to observe some 
definite point, if it is possible to see one, such as a pointed mountain top 
or an isolated tree, which is near to the point needed, and later to fix 
the trne position by a bearing and distance from the tree or hill top. 

RODTBS AND THEIB LIMITATIONS 

It is essential that the locating engineer should have been given 
with his other instructions some idea of the maximum cost per mile 
which will be permissible. It is an easy task for an engineer to locate 
a first-claaa line if be is almost unlimited in the amount to be expended 
per mile, but few railways are constructed under those conditions. The 
constant demand for the best road at a moderate cost per mlk has 
rendered the work of the locating railway engineer a high art. Thus 
with a moderate though reasonable sum per mile at bis disposal the 
explorer soon finds it easy to eliminate certain routes. It is impossible 
to construct a tine economically without following the natural topo- 
graphy. Take the instance of a river valley where the averse fall in 
the river is 1 in 100. It would be ridiculous to attempt to construct a 
line to a '6 per cent, ruling gradient in this valley, as not only must 
the fall of a valley be less than the ruling gradient, but frequently it 
requires to be considerably less to enable the line to emerge economically 
from the top of the valley. Again, what seems an easy valley on 
account of the gentleness of its fall, may prove expensive because of 
the windings of the river, making many bridges necessary, in order to 
adhere to a straight line with flat curves. 

TaUey Bouts or Bld^A Boats. — In deahng with the problem of 
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Bclectiog a route by Btndying it map of the drain^^ Hystem of the 
district, the most natural question whii:h arlBes is, Which is preferable, a 
valley route or a ridge route P A valley route almost always appean to 
be the easier, with its long lengths of straight eaaj curves, and little or no 
rock excavation. Whilst the ridge route will probably mn for most of 
itg length in rock and have a much more winding route with sharper 
carves. 

On the other hand, the valley route has to keep its embankmente 
above high water at flood (jmea, and also goard againat underminiag by 
the river at such times. Then all tributaries have to be crossed, some- 
times demanding expensive bridges, and if the main river needs crossing 
the coet per mile is at once increased considerably, while the ridge route 
will need no bridges and the formation or grade level can be kept low 
because no water is likely to collect near. 

Thus it would appear that the ridge route might coat least to 
construct at the sacrifice of its alignment, which would be inferior to 
that of the valley route. But it is less hkely to pass through towns 
than the valley route, and even where towns exist near it all freight 
baa to be hauled npliill to the railway. There are many cases of 
competition between roads following these two alternative routes, and in 
no case where the conditions are othervrise equal has that following the 
ridge succeeded in getting even au equal share of the traffic. Thus It 
is usual to give a preference to valley rontea in making explorations. 

It often happens that the direction to be followed by the railway 
requires the main valleys to be crossed nearly at right angles. These 
cross-ridge routes are very difficult, as not only is the valley crossing a 
very wide and deep one, but the ridges on each side are at some of the 
highest elevations in the district, necessitating very heavy working 
surmounting the ridge in such a short distance. No donbt, at times, 
tributary valleys may be found to help to solve this problem, but it is 
hardly to be expected that they will be found conveniently in each 
successive valley. It is never expected that a cross-ridge railway can be 
constructed without a greater outlay than nsnal. 

On first-class tines it sometimes happens that a short tnnnel may 
be substituted for a portion of line much " developed " in surmounting 
a ridge and thereby shorten the line and improve the gradients with no 
more cost than that of constructing the " developed " line. This 
generally means finding a point where the mountain ridge is narrow 
and steep if possible on both sides. 

Development 
Development in railway location is the term nsed for lengthening 
the line in order to I'educe the gradient. For instance, the Oanadian 
Pacific Railway from Calgary to Field pasBsa through the Kioking 
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Horse Pass vhere a gradient of 4-4 per cent, was oper&ling Bome yean 
ago. This faas since then been improved, the gradient being reduced 
to a 2 2 per ceut. one, by this process of " development," which in this 
case meant doubling the length of the line. Development may be 
effected in varions ways, sach as by switchbacks, zigzags, loops, spirals, 
and other curves, bttt the conditions nnder which this can be easily 
done by no means occnr everywhere. 




Zl^a^s and Bwitohbacbs.— A zigzag is the path a horse takes 
when hanling a heavy load np a hill, the motion being from side to 
aide of the road. In railway work (see Fig. 4) this side to side move- 
ment requires to be long so as to reduce the number of turning cnrvea, 
each one of which for a portion of its path is travelling directly uphill, 
and in order to preserve the gradient, or indeed flatten it, becanse of 
the compensation for the curve, rather heavier earthworks will be 



needed at bbeee points. Although zigzags may be soccessfully con- 
Btmcted up the face of a broad slope, whose direct ascent is much 
steeper than the ruling gradient, yet as this slope gets steeper the 
turning curves become more difficult and expensive to construct, and 
eventually such construction becomes "otit of the question." Then it 
may be necessary to resort to switchbacks (see Fig. 5), as they do not 
need any torning curves, their places being taken by stems into which 
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the Lrnin is hauled before being pushed hackwards up the next slope or 
vice versa. These stems are constructed with the gradient iDcreasing 
up to the end in a long vertical curve so as to bring the train to rest 
at the upper end of the carve and help it to start in the opposite 
direction with the thus gained potential eneigj. Where the vertical 
curve has been properly designed for trains moving at the average 
speed up-grade, the train will be brought to rest gradually without 
shabting oS steam and upon immediately reversing the gear will reenme 
its ascent up the neit incline with the initial velocity provided by its 
increased elevation in the vertical curve. Again, descending trains, by 
being bronght to rest at each stem, are kept easily under control even 
on a st£ep down-grade. However, an objection which cannot be 
overlooked is that ou alternate inclines the engine has to push the 
train. With the engine thus running backwards the motion, especially 
on curves, is not good. The switchback is an ezcellent arrangement for 
ascending great heights where the traffic is not heavy. 

Loops OP Spirals. — A loop, as the name implies, is the looping or 
doubling back of a line in plan so that it closes on itself. But the two 



Fia, 6. — Bridge spiral Pio, 7. — Tunnel apicoL 

portions of the line where they cross each other are widely apart in 
elevation, one being at a much higher level than the other. This 
looping can be accomplished in one of two ways, either by bridging 
over one portion of the line, in which case it is called a " bridge spiral," 
or by tunnelling under one portion of the line, thus forming a " tunnel 
spiral " (see I'igs. 6 and 7). 

In the case of the bridge spiral (Fig. 6) the line from A to B is 
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Bscending a vattey which is steeper than the " rnliog " gradient. Con- 
■eqnently apon i«achiiig B it ia getting near to the level of the bed of 
the river and has no alternative bnt to bend back and continne its 
np-gradient on the other side of the valley to 0. Here the valley, 
being steep and narrow, is crossed by a bridge at a level bigb above the 
first portion of the line between A and B, and thus enables the line to 
oontinne farther op valley. In the case of the tnnnel spiral (Fip. 7) a 
similar diffionlty had arisen, bnt this time by tannelllng through the 
mountain ridge separating the two valleys, at E, a point where the 
ridge was steepest on both sides and consequently the distance throngb 
short, the line was enabled to get into the adjoining valley, and by 
skirting ronnd a ridge peak to retnm ioto the same valley at a mooh 
higher level at F. In this way it is often possible to keep the gradients 
within the ruling gradient, and also to obviate the difficulty of driving 
the trains backward, as is necessary in a switchback. 

There are also many cases of tunnels nearly forming a complete 
loop in the mountain before emerging at a much higher altitude. The 
gaining of altitude in this way can sometimes be effected by turning up 
a tributary valley for some distance and then crossing over and returning 
on its opposite slope, thus enabling the line when returned to the main 
valley to be at a much higher altitude than on leaving it. 

Skooki> Ebconkairsanob 

This, which is for detail, should be condncted by the engineer in 
charge of the preliminary survey party, which is et^aged upon the 
preparation of the topographical plan upon which the proposed line will 
be " located." He should keep his reconnaissimce work well in advance 
(at least 3 or 4 miles) of the prelimiDary party so that there need be no 
delay caused to this party, and also to enable hi m before finally selecting 
the line for the traverse to know what is ahead of him and thus hare a 
broader and more general knowledge of the country. 

It is always advisable that the preliminary survey party should, in 
addition to a chief of party, have an assistant chief, whose business will 
be to entirely look after the party and keep the transitman informed of 
the direction the line is to take. The assistant obtains the information 
concerning the direction of route in various ways. Some chiefs, before 
starting on their day's reconnaissance work, show the assistant over 
2 or 8 miles of route, and later in the day, when returning over his 
reconnaissance route for verification and final selection, will supplement 
the information given in the morning, if the party is in need of more. 
But a method which gives most satisfactory results, especially in country 
where plenty of distinctive lopogmphical features are present, is that 
of making rough sketches on square-ruled paper. These, though rough. 
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if tliey contain the general topographical featares to be enconnterod and 
any small detail on tbe direct line, nnd if they are also carefully 
nnmbered, alioold enable the asgistant to find his vay tolerably well. 
Bnt at times tbe featureleBg condition of the country would render even 
these difEcalb to follow ; in snch casee it ie advisable to define the line 
on the ground by blazing trees or tying stripe of coloured canvas or 
other material to trees or undergrowth, or in open country by sticking 
vertically in tbe ground branches of trees or rough sticks at intervals 
along t&e route. 

Althongh the first reconnaissance has afforded a route to be 
followed by the locating engineer, it is only a very general one, and 
though it narrows down tbe strip of country requiring investigating, 
there is much still needed to make the recounaiasance work complete. 
Thus in tbe first reconnaissance the general drain^e system and some 
of the tributary systems will have beeu roughly mapped, but tbe rough 
work of investigating the source of every small stream and whither it is 
flowing, the most suitable croesiugs of the larger of these, and all minor 
topographical features falls to the lot of the chief of party. 

The Objects of BeconnaiMsnoe daring PreliminaFy fiorre;. 

— But it is not only for tbe purpose of selecting what seeme the best 
route and of conveying that information to the assistant chief that the 
locating engineer spends nearly all his time exploring the country in 
advance of his party. In so doing be is getting a more intimate 
mental grasp of the country, and its various peculiarities of detail. 
Thus be is enabled to decide what other routes could be tried, if it is 
found necessary to change tbe route, or even to bave two trial rentes 
surveyed at the same time on account of their seeming of almost equal 
merit. 

Indeed bis reconnaissance experience is invaluable to the chief of 
party for all tbe subsequent work of bis party up to tbe moment tbe 
final location is fixed on tbe gronnd ; as at all times when dealing with 
tbe various phases of the work, be is able to recall to his mind the 
further possibilities of the country, and frequently can improve bis line 
by making further short deviation surveys, the advant^es of which 
were not observed iu tbe first instance. 

Starting the Survey. — When the preliminary survey party 
arrives at tbe site of the first camp, the chief of party at once must give 
his attention to reconnaissance, so that there shall be no delay in 
starting the traverse when the party is alt ready and in proper shape. 

Tbe reduced level of the Btart{u<r point is probably known, bnt if 
not it may be necessary to assume a value for it. A number of 
readings may be taken with a mercury barometer each day, so as to 
arrive at an approximate value for it, and an aneroid may be carried on 
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the Teconnaissance, and readings taken on the tope of ridges and 
bottoms of nalleys. The method of nsing the aneroid for this work ia 
given on p. 28. A liand-level, or clinometer, which can be used as a 
hand-level, is also very necessary. 

Advancing on a Bsarlng of Direction Selected.— In starting to 
ride over the strip of country marked out by the first reconnaissance, 
the chief of party will endeavour to keep a direct coarae on what seems 
to be the most enitable line for the traverse. To follow the direction 
selected by prismatic compass is very difficult, but need only be 
resorted to where it ia impossible to see a good distance ahead. Where 
the country ia fairly open two or three objects, e.g. a group of trees, or 
mass of rocka, at a considerable distance apart on the line of direction 
taken, can be easily kept in line with each other, and a fresh one 
selected as each one is passed. In this way it is possible to follow a 
very direct line. On the summits of ridges it is sometimes difficult to 
extend accurately the direction on account of the nearness of objects 
sighted upon. In this case, probably the simplest cure ia to revert to 
the prismatic compass, taking a sight with it before surmonnting the 
ridge and extending the bearing thos taken by sighting beyond from 
the top of the ridge. Fresh objects will then be selected on this line 
for sighting on in order to keep in line. The chief of party may find 
it advisable bo change the direction when he gets a clear view beyond 
the ridge, but in that case the turning point would be on the ridge. 
Thns by accurately keeping on the direct tine| the estimation of distance 
traversed is mnch more reliable, and the points to be recognized by the 
survey party following can be more qnickly found. 

Forms of Motes as a Guide to the Traneit-party. — In addition 
to the approximate iiearing and the distance to each turning point, 
which the chief of party sketches on a loose leaflet, each prominent 
object passed is also shown, and the distance to it, so that the transit- 
man's line, if following the ttearing more accurately, may not diverge 
from the intended line by any great amount before checking on one of 
these points. It is also of advantage on occasiona to make sketches of 
distance views like skeleton photographa or horizon sketclicH. Thus 
aketch, Fig. 8, shows the low point on the ridge D, to which tJie party 
may look on reaching C to get the new dirG<;tion. A further check on 
this direction is provided by the angle snbtended by the points D and 
X (a prominent rock point on the right), at the observer at C. This 
generally removes any doubt about which low point on the ridge in 
view of the observer was intended. Ou the plan sketch which the view 
sketch accompanies, the bearings of the lines CD, GX, etc., are all 
given. If the country is lacking in clearly-defined features, the horizon 
is often the only part which shows out distinctly. In anch a caae the 
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horison point ia very important, being mnch more euil; detected than 
strips of white or red oanru tied to boshes or trees, even thongh their 
positions may be clearlf shown on the sketch plan. 

7%« /elloteinff routine will probably be found useful on reemtiaiB' 
nance: — 

One page in the field note-book, sa; the right-hand one, should be 
given up to recording the following in colnmna : the time of arriving 
at and also departing from an; observation point ; the estimated rate of 
travelling in miles per hoar. A column can be lert for distance which 
can be filled in afterwards. The reading of the aneroid barometer. 
(This shoold be taken immediatelj npon arriving at the obeervation 
point i another should be taken immediately before starting forward 
again.) A colomo is also left for entering the elevation. (This is 




either done at the time or after corrections have been applied to the 
aneroid reading.) The compass readings are also recorded in another 
colnmn. If possible, a space should be left for observations. 

It is generally fonnd that a ruled strip at the top of the page is 
sufficient for entering these observations, thus leaving most of the page 
plain on which to make sketch plans. Many more plain pages are 
required than recording pages. With this arrangement moat of these 
pages can be used for sketches, and where observations are recorded on 
any page the column lines can be extended to the bottom of the page, 
thus providing space for a good many records. Whether measnring 
distance by pedometer, cyclometer, or time, it is advisable to record the 
time of arriving at an observation point as well as that of departing 
from it ; also the pedometer or cyclometer reading must be recorded 
immediately afterwards. If these columns are arranged in this order, 
little chance of omission is likely, as each entry on the same line will 
he made in ite own column in the order on the p^. The barometer 
reading most be taken next and another one just before the time 
reading when departing from the station. If the halt at the station 
has been short, only a, few minutes, the two readings of the aneroid may 
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Tuy BD little that the aver^ of the two may be nsed in detennining 
the elevation, bat if the difference in elevation f lom the two readingB 
ia ooDBiderable the elevation is determined from the first reading, the 
aeoond reading being used in detennining the difference in height to 
the next obaervation poinL If the weather ahonld become nnaettJed, 
andden changes in the barometer maj occar. When sncb la the oase 
great care moBt be taten to find ont how mncfa variation is dne to 
weather change and how mocU to change in elevation. 

The method nsuallf adopted for this pnipoee ie to compare the 
aneroid readinga at the varioua times with readings taken upon a 
mercnrial barometer at equal intervals of time throttghont the daj at 
some central station or headquarter office. This latter will show any 
variations due to weather changes which will be assumed to be the same 
at the observation point. Thas it is nsna] to correct all aneroid readings 
bj comparing them with the mercnrial readings when the observer gets 
luck to the ofGce. 

As often in the field as it may be convenient to make use of the 
aneroid elevations for thepnrposeof making sketches showing elevations 
and contonrs, this can be done, and if any correction in an elevation is 
afterwords fonnd necessary it can be nmde apon the sketch is the 
office. 

The frequency of making observations depends npon the nature of 
the country being traversed. If comparatively flat, it may be nn- 
necessary to do so at intervals less than a mile. Bnt even in easy 
country, it is generally advisable to make otaervations every mile. In 
more broken conntry it will be fonnd necessary to take them more 
frequently. 

The taking and sketching of croes-sections at observation points are 
advocated by many, but the results obtained from taking a cross-section 
can easily be entered npon a topographical sketch and facilitate the 
addition of more detail observed at the same time, which could not be 
shown on a cross-section. The clinometer enables cross-section details 
to be easily obtained, especially npon side-sloping ground. 

When first running between governing points as direct a path as 
possible should be taken, bnt at the same time one which could be 
followed for the railway. On this occasion it is necessary to note all 
rivers, ridges of hills, etc., crossed by the path taken, and to take the 
bearings of the directions of the ridges of hills and of the rivers. On 
a subsequent occasion, when passing through this area, the rivers and 
ridges most be followed for some distance on each side of the line and 
mapped, and main rivers sliould be followed to their sources. 

Where it is decided to try and select a route along the side of a 
valley to its summit, the work is generally accomplished by starting 
from the summit and working back to the line. Bnt on reconnaissanoe 
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this can osually be avoided bj sighting forward with the clinometer and 
BO selecting at the entrance to the vallej how high npon the side of the 
valley the Line must run in order that it maf reach the strnimit on a 
gradient no steeper than the rnling gradients If the aneroid is read at 
freqaent intervals, it will check the accnracy of the cKnometer and 
enable the roate to be corrected if necessary. If a ronte is selected in 
this way by the clinometer it will be fonnd to work oat more satis- 
factorily on the ground, as the path it follows is more winding than the 
direct line of sight of the clinometer. 
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CHAPTER III 

RECONNAISSANCE IN TROPICAL COUNTRIES 

In the dense forests which cover much of the tropica exploration and 
reconnaissance work has to be conducted on quit« different lines from 
those already described. The impoBsibilit; of getting a general view of 
the country owing to the cnormona growth of these forests, renders it 
necessary to have recourse to some other method bo obtain the informa- 
tion needed about the country. Bat although the first exploration, as 
prerioasly described, of an open piece of country may be so far reaching 
that it enables most of the country to be excluded from subsequent 
investigation and probably the best ronte to be selected, yet, the fact 
that in many of the decse tropical forests, traiis or paths and trade 
routes taVen by the natives lie near the line most snitable for a railway, 
enables adherence to these routes often to lead to useful resulW. It is 
a remarkable thing that the natives, in moving to and fro through these 
tropical forests, shonld have selected for their paths almost the most 
direct and easy route to travel by. Still, this must be largely due to 
their having been travelled over probably for many generations, and 
that they were evolved out of much less satisfactory routes which were 
gradually shortened and eased through the natives discovering better 
ways by improving the gradient or cutting off corners. However, no 
matter how near these paths may eventually prove to be to the best 
position for the railway, the need for conducting snch exploration 
surveys economically makes it obligatory on the surveyor to make use 
of these paths for the pnrpo=e of deriving more informiition about the 
nature of the country topographically. Also, the paths will naturally 
lead the way to finding ont other information so essential on an explora- 
tion survey, namely, the sizes of towns and villa;;us and their populations, - 
what amount and kind of agriculture is carried on, any other industries 
of the natives and the amount of trade done, and the traffic on the 
trade rontes. Of course there are tropical forests, notably in South 
America, which even lack paths in many parte, where few or no inhabi- 
tants are to be found, and in such the problem is a much more difficult 
one. To overcome this difficnlty it has sometimes been decided to cut 
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a pkth throogb the foreet in ft straight line for many miles at con- 
siderable expenae. Bat this chance effort to get a base or traverse from 
which to survey for the railway cannot bnt fail, as it maj cut throngfa 
high moantaina and deep valleys which coald have been avoided by 
making choice of the direction of the traverse as the line was being cnt 
forward. The only poflsible advanta^ in thus cutting ont a straight 
line lies in the fact that it makes the shortest line between the places to 
be connected by rail, and if it is possible to bnild the railway near that 
line it should be bnilt there, provided it is not considered worth while 
to pass near other towns on the route. Gat a traverse line most be 
cat through in order to prepare even a rough plan of the district, and it 
may as well be done with a view to getting good gradients. It has at 
times been fonnd convenient, when small hills are ensouotered in 
carrying a traverse line forward, not to tarn aside along one slope of 
the hill, but to carry the line over the top in order that the topo- 
graphical detail of the country on each side may be investigated with a 
view to selecting the beet side of the hill for the railway. 

First Exfloratiok or Reoonnaibsance 

Before attempting to cut any portion of a traverse line, several 
miles moat be covered on foot or horBeback in the direction of the 
direct rente to discover what obstacles may be encoantered and after- 
wards, if necessary, the country on each side of this direct line shoald 
be similarly investigated. It is on these trips that particulars of the 
nature and products of the country are collected, as well as some 
general topc^^pbical and, if possible, geological information. 

The only instrumenls used on these tripe are the aneroid barometer 
and the compass, the distance being determined by timing. 

Id riding through the forest, if even winding paths can be followed, 
it may be possible to take short sights from each of the bends of the 
path to the following one, and obtain its magnetic bearing with the 
prismatic compaxs, determining the distance by the time taken in 
moving from one to the next. The aneroid readings mast also be 
taken at any of these bends where changes of natural gradient are 
evident. However, where the distance from one bend to the next is 
very abort, in aorae cases only a few yards, the method would become 
too tedious and the linear measarements nnsatiafactory. In such a case 
a surveyor accustomed to this kind of work will obtain data for roughly 
plotting the ronte he has taken by riding forward at a uniform rate and 
taking readings of the compass, watch and aneroid every few minutes. 

The Aaerold Barometer for Heasaring EleYations.— The 
modern aneroid gives auch excellent results when properly handled that 
maoy engineera, who have been in the habit of using them in the past. 
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coDtiDoe to do so now even on occasioDS when thej might be dUpenaed 
with, OQ account of the cloaeneea to the true yalnes of the reaalto 
obtained. On acconnt of iU convenient size the 2^1och or 3-inoh 
ioBtrnment is mnch used on Burrey work, but it Hnffers from the 
tendency to lag. This lagging is due to having too small a vacuum 
chamber, which cannot be avoided in so small an Instrnment. On this 
acconnt the 5'inch inatmment is very strongly recommended, bnt beii^ 
so mach laiger and more cumbersome it is sometimes Inconvenient to 
carry on reconnaissance. Mountain explorers know well this tendency 
to 1^ in aneroids, as it is most noticeable where great changes in 
elevation are being observed, the difference in height recorded at ascent 
at the outward trip being greater than at descent when returning. 
Still, on niilway reconnaissance this is not a very serions sonrce of error, 
as the variations in height are not so great. Although these instru- 
ments are said to read to one foot, this simply means that it is possible 
to observe a difference of a few feet in elevation recorded upon the 
instrument. In order to get close results with an aneroid the ground 
requires to be traversed in both directions at least two or three times 
and the average taken. This will sometimes reveal differences of 
10 per cent, to 15 per cent, in small elevations, between individual 
readings taken when going in the same direction over the same piece of 
conntry, and 5 per cent, to 10 per cent, in the case of mnch greater 
elevations. However, on railway reconnaissance it is rarely possible to 
t£St the levels more than on the outgoing and retnrn journeys over the 
same atrip of conntry. Bnt as this wilt generally give levels within 
10 feet of their true value, if the instrument is a good one and 
known, and also handled carefully, it is generally sufficient for the 
purpose. 

The aneroid should be used on reconnaissance work in conjunction 
with a mercury barometer. This latter must be established at some 
standard or central station, and readings of it taken frequently 
throughout the day at regular intervals, bo that any change in the 
atmosphere recorded by it may be taken account of when considering 
the readings taken from the aneroid at various points on the route. 
When the readings of the mercurial barometer are being taken, those of 
the attached thermometer must also be recorded. It is also usual to 
record the readings of another " outside " thermometer which is 
detached from the structure or house in which the mercurial barometer 
is established, so that it may give the actual temperature of the air and 
its changes during the full period of observation. Thus it may he the 
duty of the man located at headquarters or wherever the standard 
station may be, to take readings every 10 or 16 minutes from each of 
these instmmente, and record them in a table with the time of taking 
each group of them. It then becomes only necessary to interpolate 
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values at times between tbeee to compare with the readings taken on 
the aneroid at specific points on the exploration trip. 

The usual method of recording the readings at the mercurial 
station is shown in Table I. — 



laio t. 

10.30 A. 
10.80 A. 



The first fonr colnmns contain tbe actual data entered by the 
observer, vhilsb the fifth column contains the amounts hj which the 
barometer reodinp iu the fourth column require correcting, so that 
results maj be compared at 33° Fahr. The sixth column contains the 
corrected readings. 

Various arrangements of recording tables hare been tried when 
using the aneroid barometer in the field, of which the following i& 
quite as useful as any : — 
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Explanation of Table II. — Only colnmnB 1, 2, S, and 12, are acLnally 
oBed in the field, the others beiag filled in ia the ofBce. 

The figuree in colatnn 4 are determined by the differences in the 
readings of the aneroid in column 3, and tht; corrected mercnry readini^ 
in colnmn 5 (these are entered from columii 6 of Table I.). In 
starting out it is accessarj' to take the fint readings near the merctiry 
barometer at headquarters. Then the difference between the reading of 
the aneroid and the corrected mercor; reading is added to or subtracted 
from as the case may be, each subseqaent aneroid reading to derive 
the readings in colnmn 4. Thus the corrected mercnry reading 29*994, 
taken at 10 km., is deducted from the aneroid reading 30073, taken at 
the same time, and the difference '079 is subtracted from each 
subsecinent aneroid reading, and the reenlle placed in column 4. 
Colnpin 6 contains the equivalent elevations for the readinp in 
column 4 taken from Table XX. in Appendix I. Similarly, column 7 
contains the equivalent elevations for the readings in colnmn 5. 

The readings in column 5 derived from Table I. may only be 
obtained in some cases by interpolation if the timea of observation are 
not the same. Also the temperatures in colamn 9 may only be derived 
from Table I. by interpolation. Column 8 contains the differences 
between the values in columns 6 and 7. Colnmn 10 contains the 
corrections bo be applied to column 8 due to the temperature in 
columns 2 and 9 by using Table XXI. in Appendix I. Thna for the 
difference of elevation 410 feet in column 8, the temperatures in 
columns 2 and 9 are 54° and H'J", whose sum is 113°. In Table XXI. 
interpolating between readings + "016 and + '021 we get + '019 for 
118°. Then 410 x -019 = 7-8 feet, the correction in column 10. In 
using the aneroid it is advisable to take a final reading next to the 
mercury buvmeter on returning to headquarters, as a further check on 
the aneroid readings. 

The United States Coast and Geodetic Survey carried out most 
careful and exhaustive investigations on the behaviour of the barometer 
at different elevations and under different temperature and hygroscopic 
conditions, and their report has been abstracted in Appendix I., p. 279. 

Saleoting the PoBiiion for the TraTerBe.— When the country 
has been explored by riding through, it ia possible to decide upon the 
best position for the traverse of a preliminaiy survey, which will have 
conveniently within its reach by cross-secttoos, any difiicnlt partA of the 
country where a choice of routes may require careful investigation. 
Where existing trade routes or wide paths are in existence and 
convenient for the purpose, this main traverse will be limited to the 
open space so formed ; but where no such oonvcnieiices exist, the 
traverse line must be cat out through the forest, not necessarily In long 
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lengths of straight, as it is more important to tnrn a small angle for the 
purpose of aroiding any obstruction than bo preserve a long length of 
straight Thus short lengths of straight in traverses, sometimes only 
1 or 2 chains in length, will form as useful a base from which to locate 
the topc^:raphy of the conntrj as anj long length of straight, which 
may require many obetractions to be removed at coDsiderable expense. 
Hudwood trees, sometimes 9 to 12 feet in diameter, in tropical 
forests, are costly obstrnctions to remove, and many of them may occar 
npon the line which might have been avoided by turning it throngh a 
small angle. 

TheodoUto or Sarreyop's Compass. — In establishing a traverse 
or base where it is intended to chop a narrow " clearing " for it through 
the forest, a theodolite may be need as on any preliminary railway 
survey. Bat taking into accomib the frequeob turning poiota, irmay 
be found too tedious and slow an operation. In that case, as in the 
case of all Borveys of the existing paths or routes through the forest, a 
surveyor's compass is found much more expeditious, and at the same 
time fiufKciently accurate. lb also has the great advantage that any 
mistake made in a reading does nob cause the plotted position of each 
subsequent tine to diverge more and more from its true position, the 
farther it lies from the point of error. This is what happens when 
mistakes occur in reading deflection angles by the theodolite. 

The BoTieyor'a Compass. — The surveyor's compass has a dial as 
lai^e aa and sometimes larger than a miner's dial. It is graduated from 
0° to 90° both east and west from the north and south line. The 
" east " and " west " points being interchanged on the dial, so that 
readings may be taken direct by looking at the dial and needle point 
The compass is mounted on a tripod and is fitted with a ball and 
socket joint, by clamping which, while observing the level bubble or 
bubbles, a rough levelling of the instrument is perrormed very quickly. 
A pair of vertical folding sights {or Bometimcs a telescope) are used for 
sighting the line. The miner's dial has also been used succeBefully for 
this purpose. It is usually graduated from 0" to 3G0°. 

Although the value of the prismatic compass for some work of this 
kind cannot be denied, it is found to be unreliable on these long 
winding traverses needing mauy readings (probably 200 or 300) every 
day in a hot damp climate. Moisture condenses on the inside of the 
glass and the needle dial ia liable to stick to it at times and thus give 
false readings. The needle also takes a long time bo settle. 

Again, the surveyor's compass is much less liable to be damaged 
than the theodolite in moving throngh the forest, and has all the 
advantages of speed and lightness. The only objection in using a 
magnetic instrument occurs where local magnetic influences are at 
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work, as in the ne^hbonihood of iroo depoetts. Bat even eirore from 
tliis came ma.j be discovered and cored bf always taking backgighta 
and foreeightB at each station, the backsight at each station checking 
the foresight from the previona station. If it is fonnd at any station 
that they do not agree, that will probablj be the first station where 
local m^netism ia felt. At snch a point the difficnlty may be got 
over by deducting the obtained bearing of the sabseqaent line from 
that of the previous line. In this way the angle between the two 
lines is obtained, as with a theodolite, as the local magnetic influenoe 
affects both readings alike at the same station , and from this the correct 
magnetic bearing of the anbseqnenb line can be calcnlated. 

H aasDFiiig DlBtanoeB. — Ghainage may be taken with the ordinary 
surveyor's chain, bat if so it is preferable to nse the heavy iron type 
to tiiose of light steel, as the latter get damaged in being hanled 
bhrongh the ondergrowth. If the chainmen are careful mnch more 
satisfactory results are obtained from osii^ a steel band, aa this latter 
does not catch on all the projecting twigs. Steel bands most be handled 
carefally to prevent their Inreaking ; bat the actual chain^e obtained 
is too accurate for the purpose, and time mast not be wasted in reading 
too precisely over the points. All chains or steel tapes suffer very 
much in tropical climates from mating, and great care mast he taken 
to have them thoronghly oleaned and oiled each evening after finishing 
the day's work. 

The LanlB.— Levels are taken along the traverae line with the 
ordinary spirit-level, the reduced level of each taming point and of 
intermediate chain points being recorded, also bench marks being 
mtablished aboat every half-mile. If the levelman does his own 
checking back he can only cover about three-quarters of the distance 
traversed by the compass. On this account where speed is necessary an 
additional levelman is provided, called the check leveller, whose duty is 
to check the levels on the traverse and also do any cross-sectian level- 
ling whore the ordinary type of surveyor's level can be used for the 
pnrpoBc with advantage. 

The Gf08B-8aotionB. — Where the ordinary level is found nnsuit- 
aUe for taking levels along crosB-sections on account of the rapid 
changes in level and the denseness of the forest, necessitating the 
catting out of a narrow passi^e-way, only 6 or 8 feet in height, 
the aneroid is generally found most saitable. The readings taken at 
points where chainages were marked on blazed branches of trees, being 
token ^ain at the same points when returning to the base line. This 
affords a nsefal and essential check on the first aneroid readings-^ At 
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times when the crosa-sectionB are ehort a hand-level may be used with 
advaatage. It is very important to select the position of the main 
traverse carefully when maninf through dense forest in order that 
the cFoss-sections may be as short as possible, as the " catting " for 
these croea-eections is slow and tedions, generally takiDg about two 
days to cnt a narrow pathway a mile long. Bnt even when it is made 
at this speed, the cnt branches may still prove a seriaos obstacle to 
taking measnrements unless one or two extra natives have been 
employed to remove them as tlie chopping party lulvances. 

The direction of a crosa-aection is generally taken by prismatic 
compass, though an ordinary pocket compass has at limea been used for 
the purpose and given sufficient accuracy, where the crosB-section line 
was not very long. 

ABtronomioal ObBepratioiis to Cheok Bflarings of TravarBe 
Lines. — Tt is important to remember on the main traverse to make 
astronomical observations for the tme bearings of its lines every few 
miles. The differences of these trne bearings should agree fairly 
closely with the differences between the corresponding magnetic bearings 
taken when traversing, any error being distributed equally among the 
lines intervening between those where the astronomical observations 
were taken. Thns, without regard for the lengths of the lines, each is 
given an equal correction. Although the bearings of long lines are 
more liable to error, the amount of difference is very small and may be 
neglected in these cases. The operation of finding the asimuth of any 
line by observations, or by the sun, is given in Appendix II. If the 
survey party is camped on the traverse line, or nearly, the azimuth may 
be obtained by finding the meridian by observations on circumpolar 
stars in the evening after returning to camp. 

Plotting the TraveFse.— The standard method of plotting 
traverses for railway preliminary surveys is by latitudes and depar- 
tures. But OS the stations on the traverses in tropical forests occur 
very frequently, it is considered hardly advisable to devote so much 
time and labour in getting the results of the field work plotted in the 
office. A method of plotting, which is much more rapid and at the 
same time quite accurate, is that of laying off the calculated courses 
from an assumed meridian. This is naturally a very suitable method 
of plotting lines whose directions have been taken by compass. Another 
method, not so accurate, but frequently used for this work, as its 
degree of accuracy is sufficient for the purpose. Is the setting off of 
bearings by the help of a large protractor and parallel rollers. Although 
there is no check on the accuracy of the ploU>ing by this method it 

above ground changes it9 level with tha ground Burlwe, and cuts oS short the 
range of view in (oresight atmoet as quickly as the sunaee of tha ground doea 

io iubckaight. 
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falfile the requirement of having the field notes, taken daring the day, 
plotted rapidlj the same night to enable any deviations front the direction 
being; followed to be made the following morning, if found neceaaary. 
Also the traverse can be plotted again within a few days on tracuig 
paper and placed over the first traverse to check it, and correct any 
error which may have oocnrred dnriog the first plotting. Having 
plotted the trsTeise the topography, both natural and artificial, are next 
put on the plan, and from the system of level points on croBs-sectiona 
rough ooDtonrs are interpolated. Tlius n contour plan of the whole strip 
of country through the centre of which the traverse lay is prepared. 

Office and Field Location. — On this plan the location of the 
railway is performed in the usual way (see Chapter V.). When, after 
some trial lines have been attempted on this plan in pencil, one is 
found which seems to be the best available, it is inked in and a number 
of offsets taken to it from the main traverse. These are carefnlly 
measnred on the plan and "set out" by measurements from the 
traverse on the groond. Ranging poles are set at these points, and a 
passage through the forest between them is made, rather wider than 
that used for the ordinary traverse. In this passage way it may be 
found that poles which are supposed to be in line are not so, and 
reqnire altering here and there a few feet, or possibly more, to bring 
them into line. In order, the more easily to give the direction for 
cutting the passage way from pole to pole, the bearing of the line is 
calcolated from the plan. Then the instrument is set over one of the 
offset points, and the line of sight turned in the direction of this 
calculated bearing. This enables the chopping of bmnches to be 
carried forward without delay. If it is found that this direction does 
not strike a good averse of the poles, it may be necessary to widen the 
passage on one side for the purpose of rectifying it. 

It frequently occurs that the first line located in this way is found 
when tested by levelling to give a rather different profile or longi- 
todiual section than that obtained from the topographical plan. This 
is due to the fact that it has not been possible to locate a Ifu^e number 
of surface levels owing to the difEculty of obtaining them through the 
dense growth. Cousequently a great deal of interpolation is necessary 
in order to sketch in the contour lines at all, and it is not unreasonable 
to suppose that even a skilled topographer will fail to locate them very 
near thdr tme positions. 

First Located Line as TraTCFse for ImpFoyad Topographical 
Plan. — On account of the above-mentioned difficulties the first located 
line on the ground is frequently used as a base from which to survey 
for a better one. This second location will probably be very near the 
first, but in order to tind it a more minute top(^raphica] survey of a 
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Yerj narrow strip of conntr]' is carried oat with hand-level and tape, 
levels at every chain length along the first located line havii^ b^o 
taken with a aairveyor'a level. The octoal amount of topography needed 
in tbie enrvey can Iw determined in the office when a complete eet of 
levels along the first Io<»ted line is available for compariaon with thoee 
on the contonr plan. ThnB little more than the exact data required 
need be taken in the field, and the aarvej plotted rapidly, and a second 
location completed in a very abort time and pnt in on the ground. 

Final Location. — This located line ought to agree very closely in 
point of surface levels, with those obtained from the profile prepared 
from the topographical plan. If this a found to be so, and the line 
in every other reepect seemH Batiefactory, it is permanently staked ont, 
and the ground cleared for a width of 10 or 20 feet. This is to prevent 
the line being lo^ to sight through the rapid growth of the forent 
before constmctton begins. Later on it will need clearing for a width 
of 100 feet or more. 
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CHAPTER IV 

THE PRELIMiNARr SURVEY 

WuAT is generally nnderstood by the term " preUmiDory survey," is the 
field and ofSce work necesBury for the production of a topt^niphical 
map or plan of that strip of conntry which the reconnaissance pointed 
ODt B8 that within which the railway can be located satisfactorily. It 
is also understood that any additional strips of country which this more 
detailed snTvey poiota out as worthy of consideration should be inclnded 
in the above-mentioned plan. 

Bnt, in a wider sense, the preliminary surrey inclndes all operations 
which must be performed, after aod with the help of, the reoonnaissaDce 
survey, so as to reduce the field of selection for the fiual locatian from 
a number of possible routes to that of one route, included within a 
narrow strip of conntry not more than a few hundred feet wide ; and 
farther to provide a topographical plan of this strip so that the final 
tocatioQ may first be projected upon it in the office, if necessary, before 
establishing it on the ground. 

Determining the mcnt Suitable Boate.— It frequently happens 
that the reconnaissance lias only decided upon two or three probable 
routes at certain places between governing points, and has left to the 
more accurate instrumental work of the preliminary survey the duty of 
selecting the most suitable. In these cases it is not necessary to survey 
each of these routes completely. There are certain difficult sections of 
each route which, when surveyed, will probably determiue the moet 
Boitable ooe, generally that which gives the easiest ruling gradient. 
The least snitable route can usually be eliminated early, and if two 
routes remain of almost equal value the selection between them will be 
made on the resnlto obtained from surveys of only the more difficult 
parts ot each route. 

In making this selection a number of points will be considered, such 
as the ruling gradient, the maximnm curvature, the total length of 
line, the amount of earthwork and bridging and the nature of fonndo- 
tiouB available. 

Where two routes are of almost eqnal value, it is nece«ai7to prepare 
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complete conlonr tnapa of the portiona of each roate surveyed in order 
the more carefnllj to weigh up their relative meritB in the office. 

The work of determining the position of the contoora and other 
topographical data neceaaary for these maps, as well aa for the complete 
preliminary plan, is best accompliahed by nmnin^ a traverse aa near the 
centre of the strip aa the natural featDrea of the country permit. This 
trttverse is run with great care, aa the true position of every object is 
determined by measurements from it. 

: Trial Location SoFreys. — Some engiueera inclnde uudet the term 
" preliminary survey " the roiming and recording of traverses over level 
and easy country, where very little deviation from the straight ia 
neoeeaary and where little or no contour work is carried out. Theae 
traversea which putake more of the nature of a first location, and from 
which primary estimates are prepared, are run with the view to having 
aa little alteration afterwards aa possibie. It is in this respect that they 
partake more of the natnre of those location surveys in which the 
principal work of locating is done in the field instead of in the office. 

ObJMtiona to Trial Looatlon SorveyB.— It is only in the case 
of level aud otherwise easy country such surveys can he eoonomically 
carried out, aud if there is any risk of increasing the cost of construction 
a topographical plan must be prepared. But as such stretches of easy 
country are rarely met with for any considerable distance except on 
prairie tablelands or sandy deserts, the custom of placing the pre- 
liminary traverse so carefully with a view to its final adoption as a first 
location involves too much waste of time iu the field, except in such 
cases. The position of the first location ia best and quickest determined 
by piftcing it upon the topographical plan prepared in the office from 
the data obtained in the preliminary snrvey. Therefore the tops- 
graphical plan prepared during the preliminary snrvey must contain 
sufficient contour lines rongbly in their correct positions to enable the 
best line to be projected on the plan, and also be sufficiently accurate 
that when this line is located on the ground it may be found to possesa 
very nearly the proportieB of the projected line. 

It may be as well to distingniBh still more at this stage between the 
so-called preliminary location, above mentioned, where no topographical 
plan is prepared to indicate the best position for the line, the work being 
entirely done is the field ; aud the preliminary snrvey in which the 
topographical plan is prepared. For the former it is usual to follow as 
nearly as possible the general direction between limiting or controlling 
points, making long lengths of straight and the deflection angles between 
the tangents or straights as small as the surface will permit. In order 
to accomplish this it is frequently necessary to run into the side slopes 
of a valley at bends, or cut right through small hills or other obstaclfis. 
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The rnDiiing of such lioee without prolonged delays needs a rery 
capable transitman. He most be able to see at a glance the advantage 
of preserving his straight throngh snch obatackfl, in view of the 
BDbeeqnent features of the conntiy about to be encountered. In rounding 
sharp bends it is advisable not to make the turn in one sharp angle, bnt 
to distribute it between two or three short lengths of straight. 

This may seem at first a very straightforward and economical 
method of laying out a line. Bnt in the field the conditions are not 
always as pleasing as the above short description might imply. Even 
in fairly open country lai^e obstacles frequently obscure the view of the 
imtrumentman, and if he laborioosly attempts bo pass any one of these 
on parallel lines, restoring the line to its true position after passing the 
obstruction, he may find that the line should have been deflected at a 
point some distance back. On such occasions, which constantly occur, 
the whole party is brought to a staudatill, all stakes marking that part 
of the line are pulled ont, and another attempt is made to start forward 
from a point further back. With what success this second attempt is 
likely to be met is also only a.matter of surmise, but eventually a line is 
staked out which the engineer thinks is the best he can get, and it 
probably is having in view the difficulties he has bad to overcome. But 
there ia little juattfication for snpposing that this or any line attempted 
on the ground ia the best line which the natural features of the country 
can afFord, because the line selected was that which seemed best in con- 
junction with the part already completed. On account of this there is 
little likelihood of that already staked out being altered in determining 
the position of the new portion, as in that case that which preceded it 
also might need altering. In this way the location of a rood in the field 
ia inflneoced too much by that portion of road already staked ont. 

Advantagas of LooatlDg on a Topo^aphloal Plan.— On the 
other hand, when locating a road on a topographical plan in the office, 
the lines which are first sketched on arc of little moment when the 
subsequent ones are being fixed and are readily erased if found to 
connect badly with these, ospecialiy thoae lioeM which are tied within 
narrow limila in rougher or more difficult parts of the surface. The 
ease with which a large number of trial lines can be sketched on the 
topographical plan and the less suitable erased in favour of the more 
suitable is in itself snfficient reason for adopting this method in most 
cases. But, in addition, the opportunity of getting a broad grasp of 
the topographical features in a few minntes when studying the plan 
prevents the possibility of any trial line being omitted which may prove 
itself suitable in the end. 

Oooaslons when the Sarvey for the Topographioal Plan is 
the only Sarvey poBBible.— But to consider " location " in the field 
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farther : it freqaeatly happens that the line most be ma throi^h & 
thickly wooded conutry. Here the distance a sight can be taken 
with an instniment is only a few yards without chopping down trees 
and undergrowth, and no general grasp of the slope and surface of the 
ground can be obtained without clearing the forest. Bnt it is not 
possible to clear even a sufficient nsmber of trial passages through the 
forest radiating from each turning point to enable the best line to be 
ran in on the ground in this way. On the other hand, any line through 
a forest may suffice for the pickii^ ap of the topography on cross-sections 
and thus enable a topographical map to be prepared in the ordinary 
way. 

Th« torm " PiwUminary Surrey."— Thus the term " preliminu? 
survey" generally implies the preparation of a topographical plan and the 
accumulation of other data each as : the nature of the rivers, the kind 
of forests and any geological informatiou. But it must not be supposed 
that this precludes the need of employing a transitman skilled in railway 
survey work. There are many difficult questions to be decided in 
order to ensure that the strip of country through which the transitman 
lays his traverse is the best one and also that the traverse may occupy 
as near as possible the centre of it. This latter is advisable to enable 
the topogra^ihical data to be quickly and easily reached from the 
traverse line. The strip of country surveyed is usually about 500 or 600 
feet wide, except in the case of steep side-hill work or in very rough or 
mountainous country, when it may be much narrower, as the surface 
level changes rapidly by small movements to the r^ht or lefL It may 
also be necessary in very flat or slightly undulating country to survey 
a strip very mnch wider than 600 feet, because any desire to change the 
elevation of the trial line on location, eay by 5 or 10 feet, may need 
shifting to the right or left very much more than SOO feet if the surface 
has a very gradual slope. At the turning points of the traveiae it is 
advisable to widen the half-width of the atrip on the inner side of the 
angle, as the curve on the location will probably occur on that side. Fig. 18 
(p. 82) shows a short length of topc^raphical plan prepared during a 
preliminary survey. In the event of a very much wider area than one 
of 600 feet width being required, it is generally advisable to run a 
second traverse. From this the topographical data of half the area can 
be acquired, the other half being obtained by measurement from the 
or^;inal traverse. The advantage lies in the fact that running long 
cross-section lines from the traverse is liable to cause on accumulation 
of error both in the levels and in the direction, the data obtained near 
the traverse being much more accurate than that more remote. Con- 
sequently, on long cross-section lines greater care has to be exercised to 
obtain reliable data, which means the expenditure of a great deal more 
time on topography. This additional expenditure of time is the more 
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nndesirable, as the topographer at ordinary times takes longer to acquire 
hifl notes thaa the otlier members of the survey party. 

Qbabiknt 

GeueraUf, the first question which confronts the trsoBitmaa or chief 
assistant when starling the preliminary soTTey is. What is the class of 
gradients which is likely to predominate on the railway ? and, a still more 
important point, What is the roling gradient ? 

BoUog Gradiants. — The " mling " or maximom gradient is the 
Bteepost gradient adopted on the road whicb is operated by the traffic 
conducted in the ordinary way. 

PoBher Gradimta. — When the gradients are steeper than the 
*' mhng " gnulient and therefore the ordinary trains cannot be haaled 
ap them without additional help, they are termed " pnaher gradiants." 
This name is probably dne to the custom of placing the assistant loco- 
motive at the back of the train. Bnt on "pusher" gradients the 
traffic is not always dealt with in this way. Frequently the train is 
divided into sections, two or more, which are hauled up separately and 
then reformed into one train. " Pusher " grades are only met with 
in mountainous country, where tunnelling or other heavy structural 
work isiprohibitive on account of the cost. 

Fixing the RoUng Gradient — But the quesMon of gradient, 
if not approximately settled on recoDnaissance, must be dealt with in 
the early st^es of the preliminary survey. Much depends upon the 
nature of the country as to whether it is possible to estimate during 
the reconnaissance survey, an approximate " ruling " gradient which will 
afterwards be found to agree nearly with what is obtained on the 
preliminary. If the country is fairly easy, it is not usoally necessary 
to ran a trial survey to detormine the easiest ruling gradient possible, 
since the ordinary preliminary traverse follows a line of easy 
gradients and good alignment. As a rule the most hilly or rough 
country through which the line has to pass detormines the ruling 
gradient for the whole systom. And there is little advantage in 
adopting much better gradients in the easier part of the country, if 
much steeper gradients have to be adopted on other parts of the road ; 
that is provided their adoption means increased ooet of constrDCtion. 
Where any doubt exists as to the " ruling " gradient which can he 
adopted, the engineer-in-charge Ehonld point out i^ an early stage of 
the sorvey any portion of the strip of country requiring surveying, 
which IB likely to affect the gradieats on the whole line. And a rapid 
tnveise should be ran dirough this area and levels taken, but little or 
DO topography, A number of parties may be engaged upon this work 
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to hafiten ita completion, the work of each party co-ordinating witb 
that of the parties nearest to it. It is not generally necevuy to sUrt 
these parties at the beginning of the saivej. It is preferable, iF 
pOBsible, to Bnrrej a fength of the ordinary traverse first, and remove 
the parties whilst the topographer is still in the field completing his 
work on the portion run by the transit party. In this way some time 
may be saved. Bnt mnch depends upon the natare of the survey and 
how far Uie area needing to be rapidly snrveyed is from the camp. If 
the distance is too far to carry the parties there and back each day, it 
may be fonnd more convenient to start by encamping in Uie special 
district referred to. 

The actnal work on these rapid surveys which is being performed 
by several parties, ehoald be nnder the direction of one engineer, pre- 
ferably either the chief of party or his assistant. lie should keep a 
constant sapervision over the work of each party so that their ideas 
may be in nnisoa as to the resalts obtainable. In this way the work 
can be perfonned more qaickly and with little repetition. For, if it 
becomes evident that one or two parties cannot obtain an easier 
gradient than a '6 per cent., or 10 per cent. (1 in 125 and 1 in 100) 
it is useless for the other parties to strive for a '5 per cent, gradient. 

HfithodB of approaohinj the Bommit of a YaUey by a 
Lina within the Baling Gradient. — In running the ordinary pre- 
liminary line the levelman should follow as close on the heels of the 
transitman as possible to enable the latter to change the direction of 
his line if he finds the gradients are not working cub satisfactorily. 
Usnally the line is run forward from one end, but if at any point it is 
intended to follow along the side of a valley up to its highest point or 
Bummit, it may be necessary to work back from this summit, to keep 
within the " mhng " gradient, and to carry this traverse along until it 
makes a satisfactory junction with the original traverse. Perhaps a more 
satisfactory method is to make a rapid survey with level and tape from 
a point on the original traverse to the summit at the upper end of the 
valley. On this traverse the bearings at turning points are beat taken 
with a prismatic compass. Jo this way the differerico in elevation 
between the point on the original traverse, and the lowest point at the 
summit through which the line can be run is obtained rapidly, and 
also the approximate distance. If from these results is found the need 
for a gradient steeper than the ruling gradient, it will be necessary to 
push the latter part of the original traverse gradually, and as the 
gradient permits, higher np on the side slope of the valley in order to 
keep well within the ruling gradient to the Rnmmit of the valley. It 
is necessary to keep well within the ruling gradient, because the 
cbainage on the traverse, especially if it winds about much, will give 
a considerably greater distance from the entrancs to the top of the 
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valley than the more direct located line, and tkra give a false ini[HFeB- 
sion of what gradient is available. It may froqaently be thought 
nnneceaaary to diecontinne the ordinary traverse in approaching a 
Bnnunit from a distance becanse of the valley having a very gradual 
slope. ThiB fact, bowevor, ia very mieleadii^, as the slope becomes 
mach steeper at the head of the valley, Ewd at the same time the valley 
becomee very small and leaves little latitude for raising or lowering 
the traverse on its side-slope. The chief diaadvantage in working back 
from theaommit is that the chaioage mos the revene way.and requires 
to be re-nia in order to carry it forward continnonsly along the main 
traverse. It also requires the levels to be rednced to agree with those 
of the main traverse, because in starting from the summit it is aecesaary 
to fix a bench mark and assume a valne for its elevation. 

It has at times been fonnd convenient to set the vertical angle 
corresponding to the mling gradient on the transit, and to sight up 
the valley from a point on the maia traverse to determine how high 
up on the side of the valley the main traverse must start !ia order that 
it may reach the summit within the ruling gradient. If in sighting 
up the valley it appears to be possible to find soch a point, it is almost 
certain to give even better results than expected, as the traverse line 
when set out will follow a longer path than that of the line of sight 
of the ioBtrument. 



The preliminaiy traverse is essentially a base line of the nature 
of a skeleton framework to which all top(^raphical detail is attached. 
Its object is to enable this detail to be collected and recorded on a plaa 
to scale. This being the cose, it is necessary to run the traverse in the 
best possible position for obtaining this detail, provided in doing so no 
serious delay ia caused in pushing forward the snrvey work. The 
traverse should follow the line of least resistance, which is near to the 
centre of the strip of country needing recording. There should be no 
hesitation in turning the line to the right or the left, if in so doing 
serious obstructions to the liae of sight are avoided. If possible in 
avoiding these obstructions do so by turning a very small angle to the 
right or left, and return to the original line and direction by turning 
back another such small angle, as this has the effect of making the 
Increase in length of the chainage due to the divergence a very small 
quantity. 

If it is possible to make the traverse follow a very direct course — 
long leogths of straight and small deflection angles — so much the 
better, for then the length of the traverse will almost i^ree with that 
of the located line, and also gradients calculated from the traverse with 
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those wtiially obtainable on location. In tluB case it ia also possible 
to make a f airlj close estimate of the cost of the road from the profile 
of the traverae itself. But any attempts to make the preliminary 
trarerBe coincide with the final located line in anything bat the easiest 
conntry are misplaued efforts, because little is gained by such endeaTOUis, 
when a topographical plan is being prepared, whilst on the contrary 
mnch time is wasted. It is not on the preliminaiy survey that the 
question of alignment should be dealt with, bnt on location ; thongh 
any anneccssary deviation from good aligament in ranning the traverse 
is to be deplored. Bnt so long as the correct topographical data is 
collected the effect of snch unnecessary deviation will have no influence 
upon the located line. 

Tha TraTSFSe.— This is a system of straight lines (as shown in 
Fig. 9) connected to each other in chain-lJnk fashion, and measured 
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continnously from one end. Each chain length is marked on the 
ground and recorded, and the chainage of the cuds of the link?, or 
" turning points " as they are called, are both marked on the ground 
and recorded in the field notes. All turning points, jnclnding the 
starting pomt, and points nsed for the production of straighte, where 
the straight is too long for a single sight, are fixed od the ground by 
driving in Urge p^ 2 inches or more in diameter. The chainages 
of these pegs are mnrkedasalso the chainages of the "station" or chain 
points opon labek of wood 7 or 8 inches long, driven 2 or 8 inches 
into the ground 2 inches to the right of the station points, and sloping 
back from the line so as to psiat to a point about i inches beneath the 
surface of the gronod, vertically nnder the staUon point. The marking 
OB the label should be on the npper side as fixed in the ground, and 
written from the pointed end upwards, so that any one walking along 
the traverse line from the beginning, may read the chainage of any 
point without having to tum back or turn the wood label over. The 
ordinaiy station points have no other marks in the ground. Fig. 10 
shows a turning point indicated by Oi ^nd its chainage 371 chains and 
39 links.* If a level is taken at a station point the staff is put upon 
the ground 2 inches to the left of the label peg. In recording chainages 

' If it is neoewory to fix an intermediate instrument point in a long length 
of rti^ght tha label ia mwked with ^ instead of 0. 
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ia field aotes also no special mark is asBigned to the ordinary stabion 
points, bnt in the case of toraii^ points it ia uaoal to place a circle to 
the left of the chainage, whilst a Imi^le is used 
for the similar pnrpoBe in the case of a point 
used for prodncing the strtughL If it is im- 
possible to fix a label peg at any point owing 
to the natore of the snrface, the peg is nsnally 
fixed at the nearest point on the right or left of 
tiie line, where it nan be conveniently driven 
into the ground. In this case the nnmber of 
feet to the right or left of the line is marked on 
the label, as, for instance, 4' 0" B, or 6' 0" L, 
indicating 1 feet right or 6 feet left in addition 
to the ordinary chainage, Althongh the peg, if 
driven properly with its marking on the side 
of the centre line, will indicate whether the 
centre line is to the right or the left, it is as 
weU to have a distinct nnderstanding what is 
meant by B or L. Sometimes 4' R ia taken to mean that the centre 
line is 4 feet to the right of the peg, whilst at other times it is nnder- 
stood that the peg is 4 feet to the right of the centre line. This latter 
one seems the moat rational convention and the one which shoold be 
adopted. These points which are marked on the ground to the right 
or left of the cei^re line shonld be carefnlly recorded in the field notra 
to facilitate the work of the levelman and topographer who follow after 
the chaiomen. 

An^ Heiuopamenta at Tarnln^ Points.— The angles at each 
tnmiDg point is carefully measured by the transitman, the actual angle 
taken being that between the production of the previous stntiirht and 
the new strnighl, and indicated in the notes by a deflection Right or 
Left, according to w h^her it is as at B or G in Fig. 9. These angles must 
be measoied very aocnrately, for an error in any one of them will swing 
out of its tme position all the subsequent part of the traverse when 
]^otted by a radial motion ronnd the point of error, each subsequent 
tanuDg point being out of \\a tme position by an amount proportional 
to its distance from the point where the error occnrred. 

In order to ensure careful reading of each angle the " reptilian " 
method should be adopted. The operation is as follows : — 

Set the vernier to read zero and releasing the lower or limb clamp, 
turn the telescope to sight accurately on the back hnb, making a fine 
adjustment with the lower tangent screw. Now transit the telescope 
and unclamping the vernier plate, direct the telescope to sight on the 
new hnb forward. Here clamp the vernier and make a fine adjustment 
on the new hnb with the upper (or verDier plate) tangent screw, Now 
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carefnllj read the angle and record it. Next, with the plates tbtw 
clamped, transit the telescope and, releasing the lower clamp, bring it 
to sight again on the back hnb (this time with the vernier not reading 
zero, bat the angle just recorded). Now transit the telescope and 
nnclamp the Ternier plate and direct the telescope again to the new hob- 
After clamping the vernier plate and making a fine adjiistment with the 
tangent screw, the defiectioa angle ia read and this time it should give 
an angle double that previously read if both readings were taken with 
eqnal care. This angle when halved should be a more accnrate reading 
of the actual deflection angle, and, at anj rate, have a value within 20 
seconds of that first obtained. For vcrycarefnl work a third repetition 
ia sometimes taken, bnt this is not advisable with the ordinar; field 
theodolite and should be unnecessary on a preliminary traverse. Having 
thus read the deflection angle and determined its nearest value, reoord 
beside it in the field notes the letter R or L according to whether the 
deflection was to the right or left. 

Again, before leaving the station read the bearing of the compass 
needle and enter it in the field notes, at the same time observing whether 
the difference in bearing of the two lines ^rees to within about half a 
degree of the recorded deflection angle. This is a further check upon 
the reading of the deflection angle. If the latter does not agree within 
30 or 40 minutes with the bearing, the angle should be obsOTved again. 

Prodaoiiig a Stpaight Line by tha Trandt Thaodolite.--In 

[«odnciDg a straight line, which is often necessary on a traverse, it ia 
necessary to set zero on the vernier and sight upon the back hub. Then 
transit the t«lescope and give the line to the leading or head chainman. 
The latte^ drives a hub accurately and centres it on the line and the 
transitman, onclamping the lower clamp, turns the telescope round to 
sight again upon the back hub, but without transiting the telescope. 
Then, having fixed the lower clamp and made a fine adjustment on the 
hnb with the tangent screw, transit the telescope and sight forward 
again. If this line of sight does not pass through the mark previoosly 
put upon the hub the chainman fiscs a new one, and finding the point 
midway between the two marks drives a small nail into it. If the 
instrument is in good adjDStment the two pointa found thus will almost 
coincide. This method, which should always be adopted in producing a 
straight line with a theodolite, is termed " double facing" at " double 
centring," the object being to change the Yb or horizontal axis of the 
telescope from left to right for the second observation, so that if the 
axis and line of sight of the telescope are not accurately at 90° to each 
other the error resulting therefrom may take effect on both sides and 
thus enable the true line to be found midway between them. 

L^yln^ down XaridlanB. — It ia advisable to lay down » meridian 
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at the atarbing poiot of the traverse so that the tnie bearing of each 
straight line oF the travetae may be obtained. This should be repeated 
at the end of eac'i 20 miles run or bo, in order to check the results and 
correct for the change in the azimuth. The meridian may be satis- 
factoriij laid down by the circnmpolar star method, or by obserrations 
on the sun (see Appendix II.). In this way the bearings of all lines 
become known, and as tfaeJr lengths are also known, the positions of 
their extremities (the tnming points) with respect to tbe starting point, 
are fixed by known co-ordinates with respect to axes through the 
starting point. These are generally referred bo as " latitudes and 
departures." 

Rnnnlng a Second TraTWse.— The need for running a second 
preliminary line may occur when traversing a valley, the sides of which 
alternate in their snibability for the located lino. Thus it' is often 
advisable to mn a traverse along both sides of a valley at varions pointo 
and perhaps for a considerable length. But if tbe river is wide and 
thns needs expensive bridge work for crossing it, very little crossing and 
recrosaii^ is likely to be attempted, and unluss the properties of the 
surface most snitable for railway construction seem to become transferred 
from one side to the other probably no crossing at all will be attempted. 
Another instance where a second preliminary line nearly parallel to the 
main traverse may be rnn with advant^e is where a strip of country 
wider than 600 or 700 feet needs to be surreyed. IF the country is 
rugged and seems to be cnt np a good deal and possibly covered for the 
most part with forest or underbrnsh, it is so difficult bo draw any cou- 
clnsions from a narrow strip (hat a double or treble strip most be 
suiveyed. It most not be supposed that rough country is nnsnitable 
for railway contraction, for the ridges and valleys follow so close on each 
other that a little care in fixing a gradient line will generally enable the 
cnttisga and embankments to balance each other within the limits of 
free hanL 

It is nsoal to name each traverse line by a different lebter of the 
alphabet. For instance, if the "A" line is the main traverse, the first 
additional traverse will be called the " B " line, and each snbseqaeut one 
hj a different letter. The chainagee where these auxiliary traverses 
depart from and return to the main traverse are especially marked for 
each line and are termed " chainage adjustment points " or " equaliza- 
tion points." For example, if " B " line starts away from " A " line 
atchatnage 127 + 34 and returns to it at chainage point I59 + 19, the 
chainage on the " B " line at this point being 31 + 40, these chainages 
are shown in the notes as follows : — 

" B " line + 00 = 127 + 34 " A " Une 
81 -i- 40 = 158 -f- 19 „ 
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It iB also nsnal when referencing these to mark in the notes of " A " 
line in red or bine pencil — 

" A " line 127 + 34 = + 00 " B " line 
„ 158 + 19 = 31 + 40 „ 

Plotting thh Trivebbb 

When ^e general direction of the traverae is knovn it is poeaible to 
decide what office meridian to assame. The priDcipal dillicnltj is to 
keep the traverse when plotted from mailing off the edge of the roll of 
paper. As long as the railway is taking a pretty direct conrse, there 
ahonld be little difficulty in keeping long lengths of it upon the same 
roll. 

Tha Latitade and Departure Method.— It is first necessary to 
find the tme bearing of the general direction. This can be done very 
approzinutely, as a meridian is laid down at the beginning of the 
traverse. The assnmed or office meridian is takes at 90° from the 
general direction which is now known. From this meridian the 
latitnde and departnre (or longitude) of each turning point is calcnlated 
and a table of latitudes and departures prepared. Such a table is shown 
in TaUe V. (p. 84). The operation of plotting these points on square- 
ruled paper is very rapid. On the edge of the roll at starting, opposite the 
banning of the centre line, zero is marked and each 500 and 1000 foot 
measured above and below this point is also marked. These latter are 
usually put on in pencil every few feet along the plan. Also each 1000 
foot is marked from the zero aloi^ the centre line. Thns in plotting 
each point the longitude and latitnde of some point on the paper is 
always near-by and enables the position of the turning point to be found 
at once. Fig. 18 (p. 82) shows the traverse given in the latitnde and 
departnre Table V., and which was plotted in this way. This method of 
plotting by latitudes and departures is the most accurate known, and 
has the advantage that if the plan gets distorted by damp or any other 
caose, the tme position of each point is unaffected,asitalways preserves 
its correct relative position to the sides of the square enclosing it. 
However, the preparation of the latitnde and departure table entails 
more lime and Uboar than many engineers care to afford. 

The CooFseB aet off from a Meridian Method.— Another 
method which is stroi^ly advocated is that of setting off the course of 
each line from a meridian. This may be done by setting off by the 
tangent-offset method i a number of the calculated courses from the 

■ The tangant-oHsat method of plotting an angle is that of eztTactiog from • 
book of Tablss tbe value of tbe tangent of tha angle to two or three plaoea of 
decimals, and uttiug out, from the point whale tha angle is to be defleoted, along 
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meridian to start with, and craoBferring each to its correct place on 
the plan at the end of the preceding liae by means of a straighb-edge 
and set-square, oi parallel rollers. A still better method ie to have the 
assnmed meridian as a centre line down l^e middle of the roll, and the 
tnie direction of eauh calculated course with respect to this line plotted 
in pencil at the beginning of the roU. Then each of these angles can 
be set in turn on the clint^raph and transferred to the position of ilx 
line on the plan. This is a simple and rapid method of plotting with a 
considerable d^ree of accaracy which is maintained throaghout, as 
there is no accumulation of error. 

Plotting HethodB to be Avoided.— Preliminary traverses should 
never be plotted by meatiB of the protractor, as the angle so obtained 
is not sufficiently accurate ; nor by setting off the direction of each 
line by a tangent-o^et from the preceding line, as any error throws 
oat of position all the subsequent part of the traverse, magnifyiog 
the error at any point in proportion to its distance from the erroneous 
angular point. As the traverse is plotted each station point ig marked 
by a little tick on the side of the line, and each fifth one numbered, 
also the chainage of the taming pointa is marked on (see Fig. 9, p. 41). 

Ths Lbvbls 

Over the traverse line, on the ground, as marked out by the chain- 
men, the levelman takes his readii^fs, recording the level of every 
station point and burning point, and taking intermediate readings 
where sudden changes occur in the surface of the ground. A bench 
mark must be established at the beginning of the survey, either from 
those on the survey of the precediug portion, or by means of barometric 
observations, or even by giving it an assumed valne. Prom this the 
level of each station point is obtained, and other bench marks are 
established not more than a mile apart. 

The Profile. — A longitudinal section, or profile, of the traverse is 
prepared each day as the work proceeds to the same linear scale as the 
traverse, generally 400 feet to 1 inch, and a vertical scale aboat twenty 
limes as coarse, frequently SO feet bo 1 inch. This profile provides 
the means of seeing approximately what gradienta can be attempted, 
and if ib is advisable to alter the position of the traverse, or nin 
another traverse branching oS from the main traverse, either on the 
higher or lower side of it. On account of this valuable property, it is 

the production of the praviooa atialglit 100 or 1000 diviaiona to soma scale, and 
erecting a perpendicular to ths line at tlie end of these diviaiona, and Batting ofl 
on this line the corresponding number of divisionB aa given bj the tables for the 
partioiUat angle. Tha point thus found, whan joined to the starting point, fomu 
(he required uigle. 
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iianal to plot the reeultB of tbe day's levelling at night, and have the 
plottiug completed before the chief of [Ktrty suivcTa tbe gcuentt progress 
uf the work in the office. 

The Topo(ih4PKy 

Now thut the levels of each station point are known for a certain 
distance the topography over the lengtli caa be obtained. The topo- 
grapher nsnallf makes a note the previous evening of the reduced levels 
uf the station points from the levelmua'a notes for a length sufficiently 
long to provide a good day's work (see chaini^;es and levels on tbe edge 
of the page of Topography Field Notes, p. 53). With tbitt data at 
his disposal, and a good band-level, lie is able to work on lines perpen- 
dicular to tbu truveiiic line, and on both sides of it, nnd obtain approxi- 
mate levels of tlie natural anrfiice of tbe ground at any points he may 
require (|>. r>;^ only gives tbe notes for the left side of the line). 
Some topographers work entirely alone without any help. They 
meusure tbeir distances by pricing, and find points on tbe 5-foot 
contours by sighting points on the ground with a hand-level, and 
pacing up to them. A careful topographer can do good work in this 
manner and very quickly, but there are many oases where it is im- 
possible to see the surface of tbe ground, as in thick nndci^rowtli, and 
in such cases mach guesswork has to be indulged in. An error of a 
foot in sighting any particular spot on the ground would not be a 
matter of scrions moment. But where snch a point is used as an 
observation point to sight the next contour, and the same conditions 
exist there, after a few such repetitions the degree of accuracy might 
fall below the standard even necessary for this kind of work. 

If t)ie country is neither open, uor the surface fairly smooth, it is 
advisable that the topt^rapher have a rodnian, provided with a rod 
and tape, to help him. This is also as well on steep slopes, as there 
pacing is very unsatisfactory, the tendency being to take larger paces 
going down than uphill. Also in going downhill from the centreline, it is 
much easier to find the contour points with a staff than to pace forward 
a certain distance, and attempt to find the right point from which to 
sight back on tbe spot which has been vacated. Taping is certainly 
tedious and should be avoided, except on steep slopes and where pacing 
is difficult to perform. Any method of quickly obtaining data is of great 
help to a topographer, as it enables bim the more fully and accurately 
to sketch in his note-book those topographical features of which his 
observation has ailorded him a mental grasp, before the operation of 
levelling and measuring has dimmed his memory of them. It is very 
important that the cross-section lines upon which the topographer 
works should be approximately at right angles to the traverse line, as 
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otherwise the topography at their extremities may be serionsly mis- 
placed when they come to be plotted on tlie plan, especially if the 
ground slopes in a diagonal direction. A little care in the use of an 
optical square will usnally cnre this. 

Topo^aphioal Notes and Methods of Plotting them. — As 
tlie object of the preluuinary survey is to obtain a topographical plan 
of a strip of conntry, any form of topographical notes which can be 
accurately and quickly trausferred to the traverse plan La preferable to 
one which, though accurate, may involve mnch work in the office. 
For instance, a system of spot levels, whose positions are carufnlly 
shown by being dotted in on co-ordinate or square-ruled paper, are 
sometimes transferred to the traverse plan, and the contonrs sketched 
in by the draughtsmau, interpolating them as he thinks bi.'st. 

These are generally transferred to the plan by sketching on the 
latter in pencil cross-section lines and parallel lines at equal distances, 
as shown in Fig. 11, the squares so formed representing the same area 




asthu squares iu the topographer's note-book. \_Note. — This method, as 
shown in Fig. II, can be used also with advantage where the topo- 
grapher has already sketched in the contours on his notes in the Held, 
as the latter can then be sketched in rapidly by the draughtsman, the 
squares guiding the direction of his pencil.] 

When doing this sort of work, care must be taken to see that the 
sides of the squares in the field note-book represent the linear measure- 
ment to the same scale as is being used to plot the traverse in the office. 

Probably the most satisfactory, and certainly the moat expeditious 
method of dealing with the topography, both in the iield and office, is 
to make the field notes in the field in the form in which they are to 
appear on the plan (see p. 53), and transfer them directly to the plan 
from the field book, or after tracing them on thin paper off the fiehl 
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uotes, and then transferring iheae to the pUn, either b; the use of 
carbon paper, or better Btill by bUckening the back of the tracing paper 
with a large soft black pencil or crayon. The soft black pencil leavea 
only a faint outline on the plan, bnt quite anfficient to enable the 
draughtsman to line it all in completely and afterwards erase easily alt 
the black marks dne to trangferring through the tracing paper. The 
best method of all is to have a special field note-book, composed of a 
large number of small semi-tTansparent sheets of square-ruled paper. 
If any difficulty is experienced in getting this thin paper ruled in 
squares, a stiff sheet ruled in the same squares, but more heavily, may be 
used under a plain sheet clamped in the book as here deecribed. It is 
necessary th^ the phun sheets haye small round holes pniiclied out of the 
middle points of the aides. Into these holes four small steel bayonets, 
fixed in the stiff cover, fit, and the whole is clamped in position 
at the top and bottom of the note-book. Bnt here it is necessary 
to rule a line on the plain sheet to represent the traverse line, and mark 
the station points on it. This may either be done in the office or in 
the field. The topographical notes sketched on this semi-transparent 
paper are used directly by the draughtsman in the office for trans- 
ferring the notes to the preliminaiy plan. Bach sheet from the field 
notes is blackened on the back of the leaf by a soft crayon, and then 
placed in position on the plan, the dranghtsman going over the topo- 
graphy with a stilo or hard pencil. The field note-sheet is then 
returned to the pocket inside the top cover of the note-book. All 
these sheets should be nombered by the topographer before uiaking the 
field notes. It is better to have the transparent square-ruled sheets 
loose instead of being bound into a book, as the right-hand page is 
used for topography on the right of the Line, and the left-hand page for 
that on the left. It is thus more convenient to keep these two together 
on one sheet, having one number for both. A space should be left in 
the middle of the sheet in which the chainage and reduced levels are 
entered. 

This method of preparing a topographical plau is vei7 accurate and 
expeditions, and removes much of the objection raised to such plaus on 
the ground of time and expense. 

Thb Duties of thb Mehbekb of the Subveit Pabty 

The Bngineer-in-charge and his asaitlant, if there is one (this is 
preferable in order to keep the party going at full swing and cause 
no delays), will mark out for the trausitman and chainmen the 
direction they are to follow. This is best done by the assistant, bnt 
be must receive his inatmctions from the chief as the results of his 
investigations of the country ahead of the survey party. Thus it is 
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neceaaary that the engineer-in-charge shoald keep his work well in 
adrance of the party bo that the aasistant may have instrnctioDB for 
each day's work tbe night before, or when the party takes the field in 
the moniing. The work of the chief on these inTeatigations, and the 
kind of infonnation supplied to the assistant, have been dealt with in 
Chapter II., p. 23, Second ReconnaiBsance (for details). 

The ABSistant Engineer. — He should be either an expert to- 
pographer or else very familiar with topographic work. He shonld 
also have had plenty of ciperience upon railway surveys. These attri- 
butes are necessary so that he may be able to make the best use of the 
information supplied bo him by the chief. His principal duty sboiild 
be directing the transit party. For this porpose he will keep ahead 
of the chaiumcn and axemen, and will mark out the direction to be 
taken by the tranaitmau. This work will probably keep him fully 
occupied, for a transit party having its direction marked out for it 
will push ahead very rapidly except where timber is thick. Also the 
assistant will need to examine the terrain for a width of at least .300 or 
400 feet on each side of his line. This means tliat he moat pick up 
his points quickly from the data supplied by his chief, and pnsh on 
without much doUy. 

He should be responsible for the work of each member of the party. 
Od this account it is advisable when a new party is starting on a pre- 
liminary survey not to attempt to go rapidly for the first week. This 
will enable the assistant to supervise carefully the work of each member 
of the party, and, if necessary, drill any members of it into the correct 
routine and methods of procednre. Until he has confidence in the 
work performed by each member, he will always have the uncomfortable 
feeling that itiaccuracics may creep in anywhere, and the part of the 
work which can be relied upon is nncertaiu. In this way it is better 
to wnstfi tbe first week than to push on for some time rapidly from the 
first, and then find all the work has to be re-done. 

The information to be supplied to the assisttmt engineer is best 
conveyed to him at night by the chief in the office. This should be 
done after the plan and profile of the day's work had been plotted. Thus, 
with tliiB information and the to^xigraphical sketches made by the chief 
engineer, the course to be foilowcd by the traveree can be discussed, and 
any alterations in the line already run or additional side lines suggested. 
The Theodolite oe TFanBitman. — Much of the work of the 
transibman has been given already under the heading " The Traverse," 
but a few details of his work must be here mentioned. 

In a general way his duties are to read all angles and record them 
in the transit book as well as any other details of alignment such ns 
rivers, roads, or other lines crossed, the bearings of the directions of 
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which will need Boliag. He also asBists the draughtemsii in the office 
iu the ereniag to plot the traverse. 

Upon the traDsitmao depends the speed of the party. He mnet 
work rapidly and be accurate, and in order to do ealisfactory work he 
mnat he able to adjust his instniment and keep it in good condition. 
As the strain of constantly sighting through the telescope with one eye 
is great, it ie as well for him to accustom himself to use both eyes. 
This will he appreciated by any one working an instrument in cold 
windy weather. The strain on one eye causes it to blnr too mnch for 
taking reliable readings. 

The rontine followed by the transitman is approximately as follows : 
The leading chainman having fixed and centred a bob or turning 
point, the transitman starts fonvard with his instmment to occupy it. 
Whilst he is thns getting established for measuring the next deflection 
angle, the chainmen start forward chaining from the now hub in a 
direction pointed ont by the assistant engineer. Two or three of the 
sabseqnent stations in this line may be lined in hy the instrument, bnt 
it is unnecessary to line in every point. This method gives the transit- 
man very little latitude in varying the direction of his line, but it saves 
time, especially on long lines, by enabling the chainmen to get ahead. 
The transitman picks up the direction by sighting on a pole, picket, 
or some other sight put in by the assistant for the axemen and chain- 
men to line themselves in upon. If this is not visible he will And it 
necessary to sight upon a few of tlie station points put in by the chain- 
men, and make average line with them. 

As the transitman has to read the deflection angle accurately by 
repetition, he will only stop to give line to the chainmen when looking 
forward. 

A code of signals must he adopted for instrument work, as with the 
telescope long sights can be taken, and it would not he possible to give 
instrnctions by shooting. Thus it is common to indicate that the 
object sighted upon should be moved to the right by holding the right 
hand up above the level of the head, and waving it gradually to the 
rig-ht until the object has been moved sufficiently. If the oljject needs 
moving a great deal, the result will he attained as quickly by more 
violently waving the right hand by a jerking tnovement to the right. 
The left hand is moved similarly to the left when the object is to be 
moved in that direction. When the object is in its correct position 
both bands are raised above the head. If tlie leading chainman holds 
a ranging pole horizontally over his head while he faces the instrument, 
it is generally understood by the transitman to mean that be is i-eady 
to fix a new turning point, which needs more careful work on the piirt 
of the transitman iu giving the line for driving the peg, and afterwards 
for centring it with a copper nail. 
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The form of field notes taken bjr the transitman are Bhown on 
pp. 68 and 59. 

The Sear nckfitmaa.— Aasociated with the tranaitman is the 
Rear Pkketman or Flagman, whose dntj it is to hold a ranging pole od 
the previous hub for the transitman to eight back on. He is aome- 
times required to keep a record of the namber of hubs upon which he 
has given a backsight. 

The Ghalninen, — Their dntiea mnst be coDstdered independ- 
ently. 

(1) The Head Chainman is the moBt important, and with the transit- 
man is responsible for the speed of the party. As his work is at the 
head of the line, he is nsnally responsible for the work of the axemen 
and sbakemarker. [The stakemarker ie gener^ly an aseman, who when 
not eng^ed upon marking the chainage upon labels of wood, or drivii^ 
them or the hubs, gives a hand with the other axemen in clearing the 
line. He should be able to make clear figores in a bold type which 
can be easily read.] 

The head chainman is responsible for the aocaracy of the chaining. 
His method and that of the rear chainman must be the very best, 
always with a view to the greatest accuracy, but also the least waste 
of time. The greatest source of error is generally expected from the 
chaining. Aboat the best results which can be expected from a chain 
party is no greater error than 1 foot in a thousand. As this d^ree 
of accuracy is mncb inferior to what an ordinary field transit can pro- 
duce, the accuracy of the results much depend upon the chainmen. 
They should each carry a plumb-line for use whenever needed. The 
head chainman lines himself in with the previous station and the 
transit instrument. He should make sure to get himself nearly on line 
before calUug on the transitman for lina He should also avoid con- 
stantly asking the transitman for Hue to direct the axemen. It is 
sufficient to fix at the end of the line a ranging pole with which and 
the inalmmenb the axemen can line themselves in. If the latter are 
cutting through thick undei^rowth a second ranging pole should be 
fixed on the Une near them so as to give them the line more readily, as 
the transit may be at a considerable distance, and out of focus with 
near objects of foliage. When chaining railway curves, the head chain- 
man should became accustomed to set himself approximately at each 
station point before calling for line from the instrument. This he will 
easily do by pulling the chain in the line of the two previous full-chain 
stations, and setting off with his ranging pole the offset, the amount 
of which he will have measured previously when the chord joining the 
first clear chain length of curve could be used for finding the chord 
offset. Having set off the approxiniat« position of the new station 



byGoogIc 



THE PEELIMINAHY SURVEY 57 

he will Bwing the tape or chain into line with it, and wait for the 
instnunent to fix the point accurately in position. 

It is the dot; of the chaiamen to test and adjust their chain or 
tape ever; few days with the standard of length kept in the oiBce. 

It is at times necessary for the head ohainman to select the best 
position for a hub, when the assistant engineer is not near. For this 
purpose it is well for him to know something abont the working of bhe 
instmment, so that the sight forward and also back from the new hnb 
may be sufBciently clear. 

(3) 7^ Rear Chainman mast watch carefnlly the chain or tape 
when being pnlled forward by the head chainman to free it when 
caught in any obstmction and also to straighten any bent links. He 
most hold bis handle firmly against bhe pin or arrow marking the 
station point when the head chainman is pnlHng the chain into good 
line. At the same time he must avoid concealing the view of the other 
end of the chain from the instrument. This is the more diflicnlt on 
straights, but on cnrves can be easily rectified by keeping on the oat- 
side of the cnrve. If starting the chain from the hub at which the 
transit is set, he most be careful not to tonch the 1^ of bhe tripod or 
allow the chain to do so. This is difficnlt when bhe chain is being 
strained from the other end. The rear chainman checks the marking 
OQ the labels at each station when he arrives at it, and then calls out 
to the head chainman bhe chainage there. The head chainman checks 
this with the label prepared for bhe nest station. This double check 
is very important, as the tendency to error in stake-marking is con- 
siderable. The rear chainman has the personal care of the chain or 
tape and the arrows, and mnst clean them each evening upon returning 
to camp. 

When a hnb occurs at the fractional part of a chain length, 
commonly called a plus, the whole chain is pulled forward, and tbe 
distance measured with that part of the beginning of ib, the latter pari 
of the chain being used for fixing bhe next station point on the new 
direction. 

The Levelinaii.— He must be able bo take his levels qnickly and 
accnrately, and also be able to make all the necessary adjustments 
of his level which are possible in the field. 

He most take the level of every station point and burning point on 
the preliminary traverse, and at any intermediate points where the 
surface slope changes. At all river crossings or depressions where 
bridges or viaducts will be needed special care moat be taken in level- 
ling along this line crossing the valley ; spot levels must be taken more 
frequently and their positions accurately taped. Snch accuracy is 
needed so that profiles of these crossings may be plotted to a mnch 
larger scale than that of the general profile. The levels of h^h-wster 
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marks, ss indicated by depoeite along the banks, mnst also be taken. 
He mnat note any changEs in the material to be found in excavation 
which may show itaelf on the surface, and most record all lock oat- 
ciopB, aod any anch infonnation w will supplement that which the 
asaiatant or the topographer will have collected. He mnst establish 
bench-marks at least every mile, and in order to save any risk of delay 
in keeping up to the pace of the tranaitman it is advisable for bim to 
take not more than half a mile of levels before checking back. In tbia 
way if any mistake has occurred, there is only a short line of levels 
needing to be re-ran in order to locate it. 

If the levelman has aa intelligent rodmui it is well for him to use 
a staff with a target attached ; this enables the readiogs taken on all 
changing points, hnbs and bench-marka to be doably checked. This 
is effected by the levelman first t&king a reading without the ta^et 
and recording it on some scribbling paper, and then making tbe 
rodmao flic the target and take a reading of it and call out the result. 
If these two reanlta agree to the second decimal place, he enters the 
reading in the level book and proceeds. All hencb-marka must be 
recorded to the ODO-thoosandth of a foot> A record of these specially- 
taken readings and the redoced levels of the points on which they 
are taken should also be recorded by the rodman. A full and clear 
description of all bench-marks must be given in the level notes under 
remarks, and reference made to any book or map from which the valne 
of therednced level was obtained. See licvel Notea, p. 61. 

It is oBoal for the levelman at night to plot a profile of the portion 
of traverse levelled by him during the day. In doing this he has the 
assistance of the rodman, who calls out tbe levels and their chainages 
whilst he marks their positions on profile paper. 

The horizontal scale of the profile will be the same oa that of the 
topographical plan, but the vertical scale is usually twenty times as coarse. 
Thus where a horizontal scale of 400 feet to the inch ia used on the phin, 
the vertical scale on the profile will probably be 20 feet to the inch. 

It is a wise precaution when taking a carefol reading on the rod to 
make the rodman swing the rod to and fro past the vertical portion 
in the vertical plane passing through the instmrnent. The smallest 
reading obtainable during this motion of the rod is the same as would 
have been obtained had the rod been held steady and truly vertical. 

For form of Level Notes see p. 61. 

The Rodman. — The rodman has much to do with the speed of the 
levelman. On this account he should be enei^etic and have discretion 
is selecting changing points for the levelman. This judgment in the 
slope of the ground ia a valuable aaset in a rodman, as it enables the 
levelman to take the most out of the lei^th of his rod, and reduce 
the number of " settii^ up." 
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Ab stated prerioDBly under " Levelman," he must read and record 
the birgGt readings taken ab all turning points, and keep records of the 
reduced lurclfl of these points and all bench-marks. He will not record the 
levels of ordinary station points or iutermediote sarface poiute, bnb he 
Mhould be able to pace the distance to each of these intermediate poinbs 
from the nearest station point, as it is onnecessary, where the ordinary 
plotting scale is nsed, that their pusibions should be nearer the trne ones 
than 2 or 3 feet. 

It is his duty bo fix all bench-marks either by driving a peg solidly 
into the gronitd for the purpose, or better still if a tree is available to 
bla7.e a small portion of its tmnk near the ground where a low part 
projecte beyond the rest, and bo cnt a rectai^ular wedge out of the top 
of it BO as to make a horiEoubal surface on which tu rest the staff. 
Many drive a nail so as to lie flat on this BOrFace, and help to identify 
the bench>mark after some months or years. Where the tree is young 
and no prujecttag part on the trunk cxista, a small blaze on its side and 
a large nail driven in so as to project abont 1 inch, wilt serve the pur- 
pose well. Peg or stake bench-marks are not advisable in cold climates, 
as the frost will tend to draw them ont of the ground. The position of 
a bench-mark is sometimes defined by its distances from two points in 
the traverse line. 

The Topographer. — All the details of the topographical plan, the 
positions of which are determined chiefly by their distaucea from the 
traverse line measured along crosa<sectiou lines ab right angles to it, 
must be determined by the topographer. These details ought to be 
only what are required or what are likely to be reqnired for the purpose 
of the location. If more is collected than is required, it ouly leads bo 
the delay of the whole party. Topography is generally a source of delay 
to the preliminary survey party, a &rsb-rabe topographer covering with 
difficulty little more than two-thirds of the distance covered by the 
transit party in tlie day in most terrain. On tiiis account, when the 
whole survey party has advanced the line as far as is convenient from 
the camping place, it is usual to make other members of the party take 
topography to help the bopographer to finish up to the end of the traverse 
line. 

The topographer must have sufficient knowledge of railway survey 
work and also of topography, to reoognize through which part of the 
area under his observation the railway will most likely pass, and pay 
careful attention to his notes of that part, whereas his notes of the 
remainder may be sketched in rapidly and with mnch less degree of 
accuracy. The aubhora have found the most satisfactory, expeditions, 
and economical arrangement in getting topographical data was afforded 
by the use of a hand-level or hatid-Ievel and clinometer (such as an 
Abney level), and having one man as rod and tapeman carrying a I5-fooC 
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n>d nnd a metallic fibre liaCQ tape. (The tod should be telescopic or 
else be hinged in the middle and fold up so that the graduated facefl 
. of the tno parts will be in contact and thus protect each other.) 

Some topographers prefer to work alone with a iiand-level by sighting 
on points on the ground, and moving up to each of bhem before taking 
the next sight. This m^y be uonvenieut on the high aide of a cross- 
section, but very iaconveaieat on the low, A rodman, when he has gob 
accustomed to pacing distances, and to the method of working which is 
being adopted, wilt not be any source of delay, and will save a great 
deal uf doubtful calculating and euable much more accurate results to 
be recorded. Ue will keep carefully on the cross-sectio.n line when set 
out at right angles to tho main traverse line. The authors, when 
working with a rodman, have found it convenient to make the collimation 
or level of the eye occur at an even contour. Thus if the station point 
had a reduced level of 2()7'4, they would move about till they could read 
on the staff placed on this station poiut 2-C for a collimation of 210*0 
or 7'6 for 215-0 or even 12-fi if they were working on the high side. 
Tltis might seem a waste of time to many, hut can be done very rapidly 
where contours are rerjuired fairly accurately. How frequently cross- 
lines of leveb of this kind should be taken depends upon the nature of 
the terrain. If the surface is clumging rapidly, the uross-sections ahonid 
be run every 100 feet, and the contours sketched in for the part between 
as they appear to the topographer. On the other hand, in flat or gently 
andnlatiug country, lines of levels may not be I'equired oftener than 
every 400 or 500 feet. A typical page of field notes is given in Fig. 12, 
p. 53. [Note the chaiuages and reduced levels at these chain pointe 
entured at the edge of the leaf from the Icvelmon's book the previous 
night. These are actually in the centre of the two p^es.] Much of 
the topi^tapher'a work and methods have already beea set out on pp. 
51 and 52. 

Tha DFan^tsman. — The operation of plotting the preliminary 
traverse has been pretty fully described already ; so the arrangement 
of office plans and the other doties of the drat^htAinan will be found 
in the next chapter dealing with "Location." Although an office 
location is made every few days daring the preliminary survey, partly as 
a guide to the probable position of the final location and also to ensure 
that the topographical plan covers the area required, the methods 
adopted in this location are the same as for the general location on long 
strips of country. Accordingly, it is better to deal with the whole 
subject under that heading. 
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LooATioH may be conveniently dealt with under two headings, viz. 
Office Location and Field Location. 

Office location, which is the immediate gnide to the poeilion 
of the line when aet out on the gronnd, and which also provides the 
permanent lecords, is carried oat on plans and sections or profiles of 
various scales according to the purposes for which they are required. 

Scale of the TojK>gFaphioal Plan.— The working topographical 
plan, upon which the line is projected, is frequently to a scale of 400 
feet to an inch, though tiie authors have found 200 feet to an inch 
more satisfactory, and in mouQtainous or rough country 100 feet to 
an inch. 

The Proflle or Longitudinal Section. — This has the same 
horisontal scale as the topographical plan, and a vertical scale about 20 
times aa coarse. Thus the iOQ feet to an inch plan will probably have 
a verUcal scale on its profile of 20 feet to the inch, and that for the 200 
feet to an inch plan of 10 feet to the inch. 

None of these scales are fixed by hard and fast rules, each railway 
adopting those it prefers, the particular nature of the country and the 
work fixing them more or less. A simple decimal scale for a plan has 
generally been found advisable to facilitate its production in the office, 
and its use in the field. Thtts, 100, 200, 400 and sometimes 800 feet 
to the inch have been adopted very satisfactorily, and in the field a 
2-foot rule can be used on any of these plans conveniently. Ifpossible, 
one scale should be adopted for the whole lengtli of topographical plan, 
and certainly not more than two, as the locating engineer, when pro- 
jecting location on a plan always to the same s(»le, becomes possessed 
of what may be called " absolute " distance, and knows at a gUuce the 
effect of any small movements he may make with the locating line. 

The Inoh to the Hile Plan. — In order the more readily to get a 
general grasp of the country, and to see long stretches of the line on 
one plan, au inch to the mile plan (or sometimes 4000 feet to an inch) 
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is ftlw&ya prepared. The quality of this plan depends upon the existing 
mapa available of the country, aa the data sabBeqaently added to such 
a plan can only have been obtained in a rough-and-ready way by the 
engineer when ci^aged upon reconuaiBsance, and supplemented later by 
the more accurate data of the nurrotr strip of preliminary survey. 
Eventually the located liue also is platted on this plan, and a profile 
prepared. These are also useful for directors of railway companies and 
other officials to whom reports of the work generally may need to be 
submitted. 

Seotlons of Proflles of PFeliminary and Location Lines. — It 
is nana! to prepare a profile of the traverse Hues of the preliminary 
surveys, as well as of each projected location, to the scales already 
descrilffid. On each of these sections trial gradients are projected, the 
final one showing the bridge openings, positions of borings to determine 
the nature of materials in cuttings and also foundations, and the amounts 
of material in cuttings aud embankments. 

Tlie TopogPl^hioal Plan.— The plotting of this plan by latitudes 
and departures, by laying off calculated courses from an assumed 
meridian, or by other methods, is fairly fully discussed iu Chapter IV. 
With regard to the paper to be used, it is very advisable that this plan 
should be plotted on a roll of square-lined paper ou account of the 
importance of being able to examine a long strip of it without delay at 
any moment, and also of preserving the plan in good condition. Some 
engineers prefer separate sheets on account of the convenience of taking 
tbem into the field for the purpose of entering the topography directly 
on them. Any advantages this may bring with it which are very 
donbtful, especially in wet weather, become almost infinitesimal if the 
method of collecting and plotting topography si^gested in Chapter lY. 
is adopted. Again, the difficulty of inspecting a long strip of the 
topography on account of having first to piece the separate sheets 
together, and fix them down on a long table, becomes a very 
serious drawback, and actually hinders as free an inapecbion of the plui 
as is desirable for careful location. 

Contour lines should be inked in in black on the plan in almost 
every case, each fifth one being a line of double the thickness of its 
fellows. Even in the case of artificial topography being present, which 
needs lining in in black, there is little confusion caused by this practice 
on account of the ai'tiflcial topography being more uniform. However, 
where much of this is present, it is advisable to pick out the contours 
m a different colour. Probably the colour which bears moat rubbing 
or erasii^ work to be performed on a plan without disappearing is 
burnt sienna, which also shows np well if a tracing of the plan is used 
for blue printing or other photo-printing operations. 
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The DFao^tsman.— In the field office there is geaerally plenty 
of BGopc for a quick aad accurate draQghtsman, and one capable of 
doing a good uniform type of lettering. He muxt be able to calculate 
the qaautities Jn cnttiugB and embaukmenta, and prepare distribalion 
curves and efltimates. 

It may be necessary for him, in additioa to ptottinjr the ordioary 
field not«8 each day, to prepare approximate estimates of two or three 
trial locations. This often needs a rapid and experienced draughtsman. 

It is uBDal for the tevclman to plot at night the profile of the portion 
of line he has le\relled over during the day. Also, the transitman 
frequently assists the draughtsman in plotting the traverse. The 
topogniphy notes can generally be left to be plotted next day, unless 
some portion of them is needed for the discussion of an alternative 
route to be run the next day. In snch a case they can be very rapidly 
plotted at night after the traverse is compleUid. 

Most of the operations performed by the draoghtsnian will be given 
in the subseqaenb pages on location. His methods of preparing the 
topographical plan have already been given in Chapter IV. 

PFojeoting the Looatlon upon the Topographioal PIbh. — The 
topc^raphicai plan, which is as complete as possible with all the data 
collected in the field, shoold have the level numbers of the contours 
entered on it in lines from the highest to the lowest at frequent intervals 
along the plan, so that the actual level of any contour line may be 
quickly observed when projecting the location, 

A first-lass railway line should be composed of loug lengths of 
straight connected together by short flat corves (of small degree) on gentle 
gradients, so that in operating it the maximum of speed may be 
maintained with the minimum of work. Such lines can only be 
constructed if the natnral features of the country permit. For instance, 
a line following along the base of a range of hills or mountains, may be 
obliged to skirt the hills so much in order to avoid too heary gradients 
that instead of producing long lengtlis of straight connected by short flat 
curves, it will probably become a succession of long curves connected by 
short lengths of straight or tangents. In snch cases the quality of the 
road depends upon the natnral formation of the bases of the hills. If 
sharp cnrves reqoire to be used in one place, they will most likely be 
needed in other places, and rarely even with heavy expenditnre in con- 
struction can the curves be flattened sufficiently to improve the quality 
of the line very much. 

Having in view these two types of lines, between which most others 
graduate, it is necessary that the locating engineer be equipped for 
locating either. Thus, if he first locates tangents or straights, a few 
yards of black glazed cotton or silk thread ia indispensable. This when 
stretched over a length of the topography and fixed in j)08ition by paper 
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weights, shosvB very clearly u possible poatttoii of a tangent, and enables 
a stud; of the cantourB it hugd and those it cuts, to be made. If, on the 
other hand, curves predomiaate, either a box of tranaparent celluloid 
railway carves ^ mast be available, or a better arrangement is to have a 
number of the priacipal curves used on railway work inked in on strips 
of tracing cloth and used on the plan, since with these latter it is much 
easier to see where they cross the contonr lines, and to study the lines 
on each side of tbem at the same time. These are naed much in the 
same way as the thread liae, being placed on the topographical plan, 
and shifted about until one ia found which lies conveniently in position 
amongst the contour liues. If a straight-edge is placed tangentially 
with the previous curve, the new curve can be kept touching this line, 
and at the same time be moved along it so as to adjust itself to the 
topography. The length of tangent between the onrvea should be 
maintained as long as possible, and not less than about 500 feet between 
reverse curves. This length ia not necessary between curves deflecting 
in .the same direction. When firing curves during office location it 
mnst be coofitantly kept in mind that the sharpest curve on the same or 
a steeper gradient as other curves determines the quality or operating 
power of the line. No attempt to convert a i" curve into a 3° one by 
heavy constructional work should ever be attempted, on a line where 
other i" carves exist on as sleep a gradient in the same direction. But 
a great deal of work on location is worth while performing if it will 
enable a road with flatter curves to be produced. However, even carves 
most be Bubservient to gradient*, and it may be found when projecting 
the gradients on the profiles that the easier curves prodnce much 
steeper gradicnta, thereby forcing the location back on to the previous 
location with sharper onrvea. The resistance to operation caused by 
cnrvatures and the consequent compensation on gradients ia dealt with 
later in this chapter. 

Before starting to stretch the black thread line on the topographical 
plan the locating engineer has a number of things to consider. He 
must observe the governing pointa through which the line is obliged 
to pass, and knowing the approximate difference in level between the 
immediate two of these points between which he is projecting the 
location, and also knowing the conntiy intimately between these points, 
he will decide how the gradients should be distributed so as to gain 
this difference in moving from one point to the other. For instance, 
if the difference in level and distance between two governing points 
would require a uniform gradient throughout of S6 feet in the mile, 
or about '5 per cenL in passing from one to the other, it will probably 
be found that for much of the distance between these governing points 
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the coimtry will not support so steep a gradient, whilst for other parts 
a Bteeper grade is inipentive. 

Thus Ifi per cent, of the distunce ma; require a I-O per cent, gradient 
80 « .. « .. '8 „ .. 

37 „ „ „ „ -8 

and 18 „ „ „ may be level. 

Keeping some such figorea as these in his mind, which he will have 
roughly esbtmated when passing over the giound, and with the help 
of the profile of the preliminary traverse, he will endeavour to stretch 
hifl thread line so that it will cut the contour lines at the rate of 
gradient required. Agun, he may mark out on the plan secondary 
govemiug points which these gradient limitations impose upon him, and 
strive by stretching lengths of his thread line to make the best-looking 
alignment possible to pass through the nearest of these points without 
cutting too many coctonr lines. His eye, when experienced at this 
ctasB of work, will suggest very nearly what the profile will look like. 

He must now proceed still farther with the alignmcut, and see what 
he can do in reaching the next tying point. This may prove a more 
difficult problem, sjid it may be found necessary to project this part 
independently, and revert to that already fixed fur readjustmeut. All 
these projections are only effected with great care, nutuorous positions 
of the thread line being studied before any one is adopted, the slightest 
movement of the line often causing a great improvement in the 
location. 

In addition to what he sees possible on the topographical plan, he 
is influenced by other data, which he has collected, and which, though 
having an important bearing on the location problem, haa not been 
shown on the topographical plan. 

Thus each portion of the projected location lias an important bearing 
on that which came before it ae well as that which follows it ; and on 
this account frequent examinations of long lengths of the projected 
location must be made on the chance of improving it by altering any 
part of it. In this way the first operation in projecting a location is 
performed with infinite care by going backworda and forwards over 
each section of it nntil the best possible alignment is obtained 
approximately on the gradients required. 

The Profllft. — The next operation is to get the profile corresponding 
to this location plotted, and to project the gradient Unes on ib. This 
is done also with the black thr^, the latter showing very clearly in 
each position the depths in cuttings and embankments. No time 
should be wasted in puttii^ on an approximate formation line or 
gradiente for. the whole length of the profile. The cuttings on the 
profile should then be marked, with the nature of the material each 
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contains, bjr the locating engineer and the dranghtsman be left to 
calcnlate out the qnantities in cuttings and embankmeatB, and the 
diabribution of materials, amonnt of overkaul and also of borrow and 
waste. When this information is ready it will at once be seen what 
improvementa mnst he tried in the positions of the gradient lines. 
When this has been done it will be easily seen where the heavier con- 
straction is needed, or where the oTcrhanl is likely to become a large 
item, or what other things are likely bo lead to expense. When these 
have been rednced as much as possible on the profile any further 
remedy can only be effected by returning to the topographical plan. 
Here, generally, an improvement may be bronght abont at many points 
without seriously damaging the alignment. This is important, since 
the first line located ahonld be the line of best alignment and easy 
gradients. Afterwards, if this is found too expensive, the line should be 
cheapened. Even if it is known that the line mnst not be an expensive 
one, it is well to always locate the best possible at first, as this may 
prove to be an inexpensive line, but even failing this it is the best 
guide to finding the most satisfactory line possible at the limited cost. 

After thus revising the location a new profile is prepared and the 
gradient lines projected on it. If, when the qnantitiee are taken out, 
ib is found that the remedies sought after in some cases have been over- 
done, whilst other defects have not been BatHciently cared, and if 
further projections of the gradient line will nob adjust these, the 
topographical plan must again be visited and adjnsbments made in the 
alignment location, which will remedy as much as possible these faults. 
In this way, by frequent projection on both the topographical plan and 
also the profiles, may a line be located which is ae near as posBible to 
the beet which the natural features of the ground permits. These 
operations arc bypical of those performed frequently in the field ofhce 
of the locating engineer. Figs. 18 and 19 (p. 82) show a satisfactory 
located line which was fonnd very near to an unsatis factory one. 

Elementary Trial Looations.— It mighb be well for the young 
engineer when stadying location projections bo sburt by laying a system 
of lines of constant length (say 6 to 10 inches) on the topographical 
plan to a nniform gradient. Each of these lines gains the number 
of feet by catting the contonrs, which the gradient requires for that 
length of line. In this way the plan will have a chain of short lines 
roughly on the gradient required. This gives the idea of the sort of 
line on a topographical plan which will produce such a profile. Bat 
this chain of short lines on the topographical plan will not give very 
good alignment. He must now lay his string line on the plan and 
find the beat alignment which can be pnt on so as to hug the dialn line 
as much aa possible, cutting it frequently to enable the cnttiugs and 
embankments to balance as near as possible. 
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There is yet another way of studying locution vith the same object 
in view. It is that of projecting a trial line on the topographic^ plan 
and preparing a profile and gradient. Then for each 100 foot or 200 
foot point on this projected location take from the profile the grade level, 
and on the corresponding rectangular cross-section line mark the anrface 
point, between the contonre, having abont the same level. If the 
eystem of these points be joined by a doUed line to dislingoish it from 
other lines, it given approximately the surface line in which the forma- 
tion plane or snb-grade ontcrops. It is evident that the nearer the pro- 
jected location can be moved towards this line the less will be the amonnt 
of material in cuttings and embankments. Before projecting the dotted 
line it is advisable to project an easy gradient on the profile, no matter 
how heavy the construction resalting may be. In this way the dotted 
line marks out the direction towards which the located line may be 
jpoved with the best results. In Fig. 18 is slioivn such a dotted line. 

It is intended by the snggestious given in these last few pages to 
give the young engineer some idea of the lines upon which he may work 
in projecting locations. Bat each individual locution has many problems 
to be solved which are peculiar to itself, and to solve which reqaire the 
exercise of jndgment, but such cannot be dealt with here. 

Offloe Operation of Plotting the Profile.— When the located 
line is drawn in in pencil on the topographical plan, the draughtsman 
prepares to plot the profile on the roll of profile paper. This latter 
is generally square-ruled, giving the same horizontal scale as the plan, 
bnt with the vertical divisions saitablc to the exaggerated vertical scale 
adopted. Along the bottom edge of the roll the chainage at each 
1000 feet should be marked on the vertical lines corresponding, and 
having selected as a datum a level about 50 or 100 feet below the 
lowest contour likely to be cut by the located line, mark each 50 and 
100-foot contoar on its horizontal line every couple of feet along the 
roll, so OS to catch the eye quickly when plotting. The locating 
engineer will now take a strip of the topographical sqnare-ruled paper 
(abont I inch wide) and a few feet loi^. This strip should be cut 
from a roll of the same paper lengthwise, so as to be subject U> the 
same expansion or contraction as the topographical plan due to mois- 
ture or other atmospheric conditions. It should also be tested on the 
topographicHl plan to see that it agrees with it. The strip should now 
be graduated every few inches showing 500 or 1000 feet intervals. 
Now, laying its edge along the located line, the engineer calls ofT the 
chninage of each point where a contour is cut, naming the contoar 
level at the same time, to the drangbtsman, who finds the point on 
the profile paper bj the ordinary co-ordinate method, moving hori- 
zontally along to the correct chainage, and then vertically to the point 
of correct elevation in feet. Through the system of points so foond 
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the draDghtstnan draws in, hj an easy motion of the hand, the surface 
line of the profile. 

Fixing the Gradient. — Upon this profile the black thread line is 
stretched and weighted doffn in varioas positions to enable the elfect 
to be studied. In this work the costly parte to be avoided are — 
(1) heavy cnttingB or embankments; (2) caltings and embankments 
not balancing ; (?) heavy overhaul ; and (4) costly bridges or other 
structures. 

If there is no overhaul and the cnttingg and embankments balance, 
the cost of forming the road bed nill be practically the cost of excavating 
the cuttings ; that is exclusive of culverts and bridgework. 

So the engineer in projecting a grade line baa to steer between 
having his gradient too steep and his constructional work too costly. 
Eventually, after several trials a grade line ia marked on the profile. 
Then, guided by the data collected on the traverse line or by the 
topographer, the engineer marks on the probable nature of the 
material to be found in the various cuttii^s, the widths of openings 
for bridges, etc. 

Volumes in Cnttings and EmbanhmentB. — The drauglitaman 
now prepares a table of cross-sectional areas and volumes per 100 feet 
in cnttings and embankments, or for intermediate lengths where 
changes in the surface occur. In doing this he usually assumes that, 
at the depth of cutting or embankment as shown on the profile, the 
surface line is a level one. 

TbJB much facilitates the working out of the quantities. Table 
XXIII., Appendix II., gives the volumes per 100 feet for ordinary side 
slopes of 3 to 1, I^ to 1, 1^ to 1, 1 to 1, and ^^ to 1 fur various widths 
of road bed in common use, and for every foot of depth up to 50 feet, 
where the surface is assumed to be level. The error from making 
this latter asHumption is genemlly compensating, and not more than 
5 or 6 per cent. But where there is a continuous side slope in the 
anrfuce in one direction, this level section metliod of calcalating volumes 
for both cuttings and embankments is liable io considerable error, often 
10 to 15 per cent., the error always causing the calculated amonnt to 
be on the small side. Thus a cross-section on a Bide slope may have 
an actual area of 200 sqnare feet, but by the level section method of 
calculating the area only 170 square feeb may be obtained. 

Having found the areas of all cross-sections, the volume between 
each consecutive pair of these is calculated by multiplying the distance 
between them by the average of their areas, i.e. where the volume 
tables are not used. For the purpose of projecting location this level 
section method is quite accurate enough and is quickly performed. 
But when the final location ia completed and set ont on the ground the 
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true Eorms of the sntface at the crosn-sectious moBt be obtained either 
when pntting in slope Btakes or aometimeg independently. Then the 
croes-sections are plotted and their areas accurately measured. The 
true volume iiinst then be calculated more accorately by the prismoidal 
formnU, or the areas of the cros^-sections measured by a planimeter. 

Eabthwobk Material — Swell am> Shrinkagb 

All material when excavated changes its volume aad in almost 
every case increases it. But after it has been tipped into an embank- 
ment and given time to consolidate it is foand that all varieties shrink, 
and some, such as clay and light vegetable soil, even more than they 
have already expanded. As the problem to be dealt mth is the amount 
of excavated material required to fill the embankmeot volnme, it is 
necessary to estimate what the swell of the material from any cnttii^ 
will be before attempting to balance the cnttings and embankments in 
the profile when locating upon ib the gradient line. It is that volume, 
which a certain quantity of material will fill after it has become COD- 
Bolidatod, which is of primary importance. Table III. gives the per- 
centage change in the volume excavated when it becomes consolidated 
in an embankment. 

TABLE in. 

UATBBIiL SaBINKlOB ABD EXP&HBION TABLE. 

The volame in excavaUoD in eooh cose is 1-00. 



Rock, large pieces . 
Bock, sm&U pisooH . 

Ghaik 

Clay ...... 

Light tandy soil . . 



1-50 
1-70 
180 
1'90 



This table is given more as a guide to what the probable swell or 
shrinkage may be of material experienced in practice. Bat so many 
grades and mixtures of material arc met with in the earth's surface, 
that each particular one can only have its percentage swell or "swell 
constant" approximately estimated until some practical experiments 
prove more nearly wliat its true value is. 

QnantitieB Distribution Table.— lu Table IV., p. 74, all the 
material dealt with is clay, which was of a similar kind thronghont, 
consequently the same "swell constant" is used all through the Uible, 
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namely, 10 per cent., the sign being n^atire becaaae it is abrinki^e. 
Cidanm No. 4 gives the cubic yards ia the cutting volume or the 
material in place, and also in the embankment for each length between 
the chainages given in column 1 taken from a table for level sections. 
In this case the road was made for two tracks, and was taken 30 feet 
both in cutting (see Fig. li) and embankment, the side slopes being 
1^ to 1 in both caaea. 




Pio. I*. 

The quantities in column No. 4 are marked + for catting, and — 
for embankment. Column No. 5 gives the " swell constant," and column 
No. 6 contains the quantities from column No. 4, corrected for the 
swell constant. Thus the + quantities in colnmn No. G give the actual 
Domber of cubic yards of couBoHdated filling available for the embank- 
ments whose volumes are given with the minus sign. Colnmn No. 7 
gives totals of consolidated material available, or in deficit at each 
chain point. Thus the second item + 258 is the sum of + 52 and 
+ 206. But the fourth one + 274, ia the sum of the first three items in 
the previous column with the fourth one deducted from them. Thus 
column No. 7 indicates the actual amount of material available, or in 
deficit at any point provided no waste or borrow has been resorted to 
anywhere between the first chaiu^e point and the point in question. 

The Distbibotion Corvb ob Mass Cueve 
If the quantities in column No. 7 are plotted as ordinates with 
their chainages for alsctssiB on sqnare-niled paper, a curve is produced 
which is commonly called the " mass curve," The " mass curve " 
has many interesting and useful properties which assist in determining 
how the material in cuttings and embankments shall be distributed 
most economically. Fig. 1-5 shows tiie " mass cnrvc " plotted from the 
data in column No. 7, and beneath it is shown the profile from which 
the data in the table on p. 73 is obtained. The same horizontal 
scale, for distances, is used for both digrams, so that points on the mass 
curve are vertically over their corrcapouding points on the profile. The 
vertical scale of the mass curve is generally expressed in thousanda of 
cubic yards per inch. The zero line from which these vertical ordinatea 
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TABLE IV. 

TABLK of QOAKTITtRS. 



t. 


3. 


8. 


4. 


CbllMlp-ot 


« 


inr»t. 




*0 + 00 


10-0 




+ 68 


41+00 


3-6 




+ 229 


-■30 


■0 


■0 


+ 69 1 


+ 50 




36 


- 4G 


42+00 




5-8 


- 320 


+ 70 


■0 


■0 


- 260 


48 + 00 


6-0 




+ 104 


44+00 


7-0 




+ ec7 


45 + 60 


7'6 




+ IG83 


47+60 


15-0 




+ 4101 


49 + 00 


17-6 




+ 6187 1 


M + 60 


60 




+ 8013 ] 


-.76 


3-0 




+ 133 


54 + 00 


■0 


■0 


X 146 


65 + 60 




6-0 


X 479 


66 + 26 




21-0 


_ 1746 


69 + 60 




19-0 


-13789 


60 + 00 




25'0 


_ 2SCC 


61 + 50 




20-0 


_ 7301 


62 +.00 




as-o 


_ 3G29 


64 +-40 




11-0 


-12648 


+ 60 


■0 


■0 


- 78 


68 + 60 


S2-6 




+ 5313 


67 + 00 


28-0 




+ 10386 


78 + 60 


■0 


■0 


+ 9746 


+ 76 




19-0 




78 + 26 


■0 


■0 


_ 432 


77+00 


120 




+ 4161 


81+00 


■0 




+ 3530 


84 + 00 




110 


- 2336 


87+00 




Il-O 


- 6CB2 


88 + 50 




■0 


- 1538 





6. 


ToUl 


J«^^«i5"by 


qnwitltT ' 


™ 


lUnl. 


nilUbIc • 


+ 


52{ 


, . 62 
+ 40 + 


+ 


20G 


+ 258 


+ 


62 


+ 320 




46 


+ 274 




820 


- 46 




2G0 


- 306 


+ 


94 


_ 313 


+ 


781 


+ 5C9 


+ 


1616 


+ 3085 


+ 


3745 


+ 5890 


+ 


4624 


+ 10454 


+ 


7317 


+ 17661 


+ 


120 


+ 17781 


+ 


132 


+ 17918 




479 


+ 17434 


- 


1746 


+ 16689 




18789 


+ 1900 




2566 


I 666 




7361 


- 8027 




3629 


-11666 




12648 


-2430* 




78 


-24383 


+ 


4782 


-19C00 


+ 


9348 


-10252 


+ 


8774 


- 1478 




389 


~ 18C7 




432 


- 2299 


+ 


3746 


+ 1447 


+ 


3094 


+ 4641 






+ 32Q0 




6CS2 


- 3476 


.7 


1538 


- 5014 
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are meaBDTed is called the " base line." Since AB in the profile is a 
cntting [it 18 part of a cntting, A being a point ap to which all previous 
material was balanced, so that no material must be carried to the left of 
A. \t is also aBsumed for tliis section of profile that ao material is to 
be carried past J] the table starts nith + qoantities, and accordinglj 
the mass carve begins by rising at a, and reaches its height at b, 
corresponding to B in the profile. That is all the tnaterial in the 
cutting AB has accnmalated up to this point, bnt now the embankment 
BO begins to reduce that accumulation nntil at o, correapondiug to 0, 
it has been reduced to itero, thus indicating that cntting AB provides 
sufficient material to fill the embankment BC as far as 0. After the 
total Tolnmc becomes negative as is shown bj the mass curve falling 
below the base line. The line conttnnes to fall as far as c, corresponding 
to C, the end of the embankment. Then the carve begins to rise as 
fresh material is obtained from the cntting CD, Dotil the curve ^^in 
cnts the base line at p ; thus indicating that the material obtained from 
the cntting between G and P is safficienb to complete the filling of the 
embankment BC. I^ow from P to I) the material will accumulate, and 
the ordinate at d will represent the volume occupied by all the material 
from the cuttings between these points. As we pass beyond D the 
negative volumes of the portions of embankment DE will begin to 
reduce the accumulation of material indicated by the ordinate at d, oon- 
eequeutly the curve line will drop nntil at q it once more crosses the 
base line, indicating that the accumnlation ban disappeared, or that the 
cntting bewecn P and I) will only provide sufficient material to fill the 
embankment as far as Q. Thus it may be observed that the curve rises 
over the whole length of a cutting, and reaches its maximum height 
where it changes from cutting to embankment, and that it continues to 
fall throughout the length of an embankment, only turning to rise again 
where the embankment changes to cntting. The same rule applies 
whether the curve is plotted from right to left or from left to right. 
Bnt it must only be used in the direction from which it has been 
plotted. That on Fig. Ifi has been plotted from left to right. The 
rest of the embankment from Q to B will have to draw its material 
from the following cuttings EF and GH. This is indicated by the 
mass curve dropping below the base line. Thus it can be seen that as 
long as the curve is above the base line all material ta being carried 
forward, but when the curve drops below the base line the material 
must be carried backward. 

Balanolng the Material. — The points in which the base line 
intersects the curve are balancing points of the material. Thus, between 
A and O, material is balanced as indicated by no on the base line, also 
between and P, and between P and Q, Q and R, and R and S. 

But other horizontal lines cutting the curve also give balancing 
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pointo of mitterial. The horizontal line xygz, tangent to the carve at g, 
also gives such a system, vy iodicatefl that the cntting from E to T will 
just fill the emhankment from E to X, also between Y and G all 
material is balaaced and between G and Z, Bnt the effect of such a 
balanciog line when coupled with the fint portion of the base line 09, 
iB to leave a gap QX for which no material is provided. This wonld 
require to he borrowed. And if material could be oonveniently 
borrowed near QX, this distribntion arrangement is not open to any 
objection on that score, aa it diminiBbea the total amonnt which mnet 
be borrowed between S and J dne to the cnrre dropping below the base 
line at j, as the amouDt required to fill between S and Z ia the same aa 
that between Q and X, each being indicated by the same length of 
ordinate at x and 2. Id this way a nnmber of horizontal lines may be 
tried to find the most economical balancing line. If the embankment 
between K and L ia replaced by a bridge or viaduct, no material will be 
tipped between these poiots, and therefore the deficit of material at K 
will not be increased nnbil L is passed. On this account the mans 
curve between it and f is a horizontal line, and the remainder of the 
cnrve to the right of V will be the original curve moved vertically 
□pwards through a distance equal to IT, equivalent to the amount of 
material saved by replacing the bank by a bridge. This carve ia shown 
by the dotted line Tf. It may be noted that this arrangement requires 
materia] to be wasted as shown byj' being above the base line instead 
of borrowed, as in the case of j below the base line. It should be 
noted that a bridge between E. and L, nnleas constructed beforehand, or 
unless a temporary trestle bridge ia oonatmcted across the site, wilt 
prevent any material from being carried across the strip KL, thus 
preventing the filling of the embankment between K and Q with 
material taken from the cuttings EF and GIL 

Distanoa of Haul by the Haas Gnpre. — If a horizontal line m» 
be drawn across a loop of the mass curve, and a parallel line infinitesi- 
mally near to it or at a distance, say equal to the ordinate for I cubic 
yard, be also drawn, then the strip of mass curve mit between these 
two lines indicates that one cubic yard at M is hauled through a hori- 
zontal distance mn and deposited at N. Therefore the area of the 
narrow strip mn repreaenta the product of cubic yards by distance, or if 
the distance is expressed in chain lengths, say chain cubic yards or 
chain yards. If for each cubic yard represented by the ordinate at d, 
horizontal lines be drawn as at n»t, a strip for each cubic yard of material 
will be produced showing the length of haul, which differs for each one ; 
and the sum of thesi; strips or tolAl area pmdnq will represent the total 
cubic yards multiplied by the aver^^e distance or haul. If this area be 
next divided by the cubic yards in the ordinate at d, the result will be 
the averse haul for all this mat«rial. 
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If an area like pmdttq is meaanred by a planimeter, saj in square 
inches, It can be rapidly converted into chain yards. For example, if in 
tbe maes curve 1 inch horizontal = 400 feet or 4 chain lengths, and 
I inch vertical = 10,000 cabic yarda, then 1 sqnare inch will represent 
40,000 chain yards, which when mnltiplied by the number of sqnare 
inches measured by the planimeter gives the total nnmber of chain 
yards in the area of the loop. 

Thos these areas between a base line or a balancing line and the 
mass curve are considered haul areas, as they are proportional to the 
haul of the material involved. Consequently in fixing a balancing line 
on a mass curve it is usual to attempt to reduce these areas as much as 
possible to get the most economic haul, provided it is not done at 
greater cost through borrow and wa^«. 

Froohanl and Overhaul. — In the mass curve diagram the area 
pmdaq, expressed in chain yards, and divided by diP in cubic yards 
gives the average haul for all the material dd' in 100-foot chain 
lengths. But it is usual when inviting tenders for railway construc- 
tion work, especially In America, to fix a limit of what is called 
"freehaul," within which limit all material is hanled at the contract 
price, and beyond which an additional price is allowed for haul^e. 
This additional price, which is generally an amount per cubic yard per 
100 feet of haul, is termed "overhaul" price. If Iv be the length 
of freehaul to the horizontal scale, and be placed in position with its 
extremities on the mass curve so that it is horizontal (this is easily 
done by marking off its length on a strip of paper and moving that 
strip, always kept horizontal, with one of its extremities on the mass 
curve until the other comes on), all the material between T (corre- 
sponding to t) and D will just fill the embankment between U and V, 
because tv is horizontal and its haul will be within the freehaul dis- 
tance. But the material between P and T must be hauled to the 
embankment between Y and Q, which is a distance greater than the 
freehaul. It is required to find the distance of the centre of gravity 
of the portion of cutting between P and T from the centre of ^vity 
of the portion of embankment between Y and Q. The most convenient 
way to do this Is to measure the area pmt^ with a planimeter, and 
express the result in chain yards and divide this by the number of 
cubic yards in tf. [Another useful way of measuring the area is by 
counting the number of squares, i.e. when the diagram ia upon square- 
ruled paper.] The result of dividing this area by U' is to give the 
horizontal distance of ite centre of gravity from If. 

With this length set out on a strip of paper, place it in position so 
that its eztremities are respectively on the curve line pmt and the 
vertical line ft', at the same time keeping it horizontal. In this way 
the line j9a has been fixed and gives the distauQe of the centre of 
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firavity of the cutting between P and T from the vertical line t£. 
Similarly, yS gives the dietiince of tlie centre of gmvily of the embank- 
ment between V and Q from the vertical line vif. Therefore the 
horizontal distauce between ^ aud 8 ^ives the total average hanl for 
the material in the cutting between P oad T. Bat this total length 
moat be reduced by the distance of freehaul {tv) leaving the amount 
of overhaul diabuice. This overhaul distance is from Fig. 15, p. 7tt, 
ap -H yh, and if it is expressed in lOO-foot lengtlia and multiplied by 
the number of cnbic yards in ti, it will give the number of chain yards 
of overhaul. Similarly, the portion xeij has a horizontal dotted line 
of the freehaul length set in it, and will need the overliaul ciilculating 
in the same way as tlutt already dune. Between y and ij the distance 
is less Ihau the Freehaul, but between g and z the eame operation must 
be carried out. 

Use of Centre of Volume in Coloulating Hani and Over- 
liaul. — In using the mass curve somutimeH the centre of volume 
instead of the centre of gravity is used in calciilatitig the distance 
of haul and overhaul, but as they rarely coincide it is not an accurate 
method. It involves less work, as it is then unnecessary to measure 
the area of the loop and divide tlie result by the ordinate, the hori- 
zontal line through the centre of the ordinate cutting the curve in the 
centre of volume. Thus in the mass curve dit^rjm, p. 74, bisecting 
t^ and drawing a horizontal line through the point will give the centre 
of volume a little above ^ 

It is usual to tender prices for excavation and overhaul on cubic 
yards of material in place, ■>. before being excavated. But the mas 
curve is worked out for material correeted for the " swell constant." 
Accordingly, before making np the cost of the work, It is necessary to 
reduce the freehaul, and also the overhaul quantities to what they would 
have been if the material had not been cort'ccbed by the swell constant. 

For example, suppose the freehaul volume in this case, as shown by 
the mass curve, was 'JOOO cubic yards of clay, and the overhaul 15,000 
chain yards. Since the "swell constant" was 10 per cent., each 10 
cubic yards only produced a cubic yards of embankment, and therefore 
each 'J cubic yards of embankment must be paid for as 10 cubic yards 
of excavation. Thus the 1)000 cubic yards will be charged for us 
111,000 cubic yards of excavation, and the 45,000 chain yards will be 
cliarged for as 

100 r - 10^ ^ *^'''*'*' ^ W ^ *^'**^'^ ^ ^^fiOa chain yards 

Had the swell constant been a positive one instead of a negative one 
the quantities to be paid for would have been diminished instead of 
increased. 
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Also, if the material in eacli cnttiDg yaried in ite swtll coostaat the 
amount of material and also overhaul due to tlie dislribubion of 
material for each cutting must be calculated separate);. 

OvePhanl Methods. — The object of arranging the diatribalion 
of material in freebaul and orerhaul ((nantltiea is to enable contractoi-s 
and others to Bee qnickly and accurately what excavation and haulage 
the work will involve, and thnB to be able to submit a low tender. 

The method of calculating; overlianl should also be clearly stated. 

The method shown on Fig. 15 is that approved by most engineers, 
but some engineers prefer to calculate the total average haul for all 
material in a cutting to be moved In the same direction, and deduct 
from that the freehanl length, and then multiply by the total material. 

In both of these cases cuttings, from which all the material is tipped 
within the frcehaul limit, are not included in the overhaul calculations. 

A method of estimating overhaul which is sometimes adopted is 
that of calculating the average haul of all material in all cuttings, 
whether any of them are entirely within the freehanl limit or not, and 
deducting from it the frcehaul length and then multiplying the result 
by the total material excavated. But this method is rather unreasonable 
and obscures the actual probable cost of the work. 

Some engineers prefer to omit entirely the overhaul it«m, but for 
the reason mentioned above it is probably advisable to include it. It 
also throws more tight on the distribution of miU^rial to be adopted. 

The first method mentioned as being the most approved may seem 
to benefit the contractor by recording more overhaul in any specific 
case ; bat where the competitive tender is prepared on the understand- 
ing that overhaul will be measured in this way, it slioold make no 
difference to him beyond the fact that he knows more clearly how bis 
excavation and haul^e is paid for, 

IMBtanoe of " Freehanl." — It should be noted that the nature and 
extent of the work and the probable method of handling the material 
should determine the length of freehanl. If the amount of earthwork 
to be carried out is hardly sufficient to pay a contractor the expense 
of bringing heavy plant such as steam excavators, locomotives aud 
wagons, or even the latt«r alone, upon the site, the freehanl should be 
short, say 500 to lOUO feet. If, on the other band, locomotives are 
used a freehaol of less than SOOO or iOOO feet will probably prove 
inadequate. Thus if the excavation is heavy whilst the haul is com- 
paratively short, the overhaul item is best omitted from the Schedule 
of Quantities. 

Limit of Eoonomio Haul. — Where material has to be hauled 
long distances the qnestion naturally arises how far is it economical to 
do so. The anawer is obtained from a simple calculation : — 
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If it coete U. per cubic jttrd to excavate and tip material within the 
freehaol limit, aud if it costs 2d. per cubic ^ard for spoil area apon 
which to tip this in the event of its being wasted, then the cost of 
wasting it will be la. 2d. Again, snppose it costs Is. 6d. per cubic yard 
to borrow material at the end of the long banl, and that the freehanl 
limit is 500 feet, and the cost per cubic yard per 100 feet of ovethani 
is ifd. Assuming I to be the limit of economic haul in chains or 100- 
foot lengths, we have : — 

i X i + 12 = 14 + 18 

.-. J/ = 14 + 18 - 12 = 20 
.'. / = 40 chains or 4000 feet above the freehaul, the total haul in 
all being 4500 feet. 

Id this case no account was taken for swell constant, but where 
that is nocessary the cost of a cnbic yard of material when consolidated 
in the embankment in each case is what is required io the above 
equation. 

Thus beyond this limit I, it is not economical to arrange for over- 
hanl on the mass carve digram. In such cases every effort should be 
made, with the help of the moss curve, to select suitable points at which 
to borrow and to waste, ho as to reduce the haul which is within the 
economic limite by the greatest possible amount. 

Hus Gunre PFObluna. — Some interestii^ properties are liable to 
be overlooked in determining the most economic balancing line, taking 
into account I, the limit of economic haul. 

(a) Fig. 16 gives a mass curve which shows all material balanced 
between a and/, but the distance a/ is greater than I. If a horizontal 
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line bcde is drawn so that be + de = cd + I, this ie the economic 

hulancing line. 

Since a/ k greater than I, there is bound to be waste and borrow. 

To show that the line bcde is the economic line : — 

Suppose the line to be raised at bcde a distance equivalent to 1 cnbic 

yard, then 1 cnbic yard at e moves to b through the hanl distance be. 

Similarly, 1 cubic yard at e moves to d through the haul distance de, 

and the total hanl for these = bc-i- de chain yards. 
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AgaiD, if the line \b dropped, the cobic yard at e moves to d, and the 
enbic yard at b mnst be borrowed, and that at c wasted. Bnt this 
borrow and waste is eqatvalent to I, and the haal from c bo d to cd chain 
yards. But by hypothesis, be + de = cd + 1. Therefore, either method 
of dealing with the material will cost the same, which means that the 
line bede is the balancing line. This may be farther seen by raising the 
balancing line to bYd'e', the vertical height for 1 cnbic yard when 
l/c' + dW >dd' + /, as seen by the fignre, thcs making it cheaper to 
borrow a cubic yard for bV, and waste a cubic yard at ee', and hanl a 
cnbic yard from t' to d'. Similarly, by dropping the line to ft'Vi'V', 
the amount of 1 cubic yard, 6"c" + d"e" < fd" + I, or it is cheaper to 
hanl from c" to h" and from s" to i'. 

(b) Again, the fact that the area of any loop cnt off by a balancing 
line is proportional to the average hanl can be made use of in Tarions 
ways in determining the most economic hanl. 

Fig. 17 gives a portion of moss carve corresponding to two cuttings 
with an embankment between them. The latter will only dispose of 







■ Una 

FiQ. 17. 

some of the material from the cuttings. Thus a trial balancing line 
may be made by drawing jV horizontal and bonching the cnrve at &. 
Then the average hanl is proportional to the area/fii^. But if a line 
bdf\» drawn cutting botii loops, the snm of the areas divided by their 
depths will probably be less than that of one loop divided by the total 
depth. Now, if M = 4^ the line will be f onnd to be drawn in the beat 
position for the least haul. This is best seen by trying the effect of 
the dotted lines above and below it at equal distances from it. Take 
the npper one b'^f first : this line diminishes the area dol by a strip 
of length less than bd, whilst the area ^f is increased by a atrip of the 
same width but of greater length than df. Therefore the sum of the 
areas cat off by b'^f are greater than those cut off by bAJ. 

Similarly, b"S'f" increases the area bcA by a longer atrip than that 
with which it diminishes the area dsf. ConBcqnently the line h"d"f' also 
cuts off two areas the sums of which for the same total depth are greater 
than bed + dfj. Therefore, bdf, drawn so that bd^df'& ^ balancing 
line, which gives the least haal for a constant amount of material. 
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(c) Similarly, if instead of two loopa the mass carve have four loops, 
the lioe of leaat hanl will probabl; be that which makes the sum of ite 
first and third sectioDS equal to the sum of the second and fourth. But 
if waste and borrow ore no objection, the balancing line may sometimes 
be divided into two pain each of eqoal lengths as above, and the borrow 
or waste occur between them where the lines have separated. If iostead 
of separating the lines overlap, the solution becomes impracticable, and 
the single line cutting the four loops as above described most be used. 

Thus, in studying the mass cnrve, the best distribution of the 
material and the cost of carrying out the work can be quickly and 
accnratelj found. It su^ests the beat places for borrow and waste, if 
these placefl prove satisfactory on tlie ground, and it points out very 
clearly any improvement which should be made or attempted on the 
profile, and is Uius a guide to alterations in the located line which may 
prove advantageous. It is always felt that before making gradients 
steeper, a remedy should be attempted on the topographical plan without 
seriously spoilii^ the alignment. 

Example fboh a Practical Railway Scheme 

Fig. 18 shows a topographical plan of a short portion of the 
preliminary survey for a railway with the final location marked on it, 
and Fig. 19 gives the corresponding profile with final gradient line 
marked ou, and above it the mass curve prepared for studying the 
distribution of ita material, and showing the amount of overhaul. 

This line is essentially a mineral line serving a coal mine area, the 
trains from which have to surmount the 1 in 250 or -4 per cent. 
gradient with loaded wagons, and return the wagons empty or with 
light freight by hauling up a 1 in 100 or I'O per cent, gradient. 

The dotted line shown on the plan is an approximate formation out- 
crop line for the gradients required. It was obtained by finding the sur- 
face point, at about every chaiu length, having the same level as the 
proposed gradient line at the point ; and the system of points so found 
were joined by a smooth line which was put in dotted as shown. The 
line itself is not a true gradient line, as its length is much greater at 
some points than the located line. 

A trial location was first made, and the best possible gradiente fixed 
upon its profile, even though involving very heavy work. The dotted 
line was then located from this, and the final location on the plan made 
to follow the dotted line as nearly as good alignment and easy curves 
would permit. 

This method of locating is a great help to the young engineer who 
has not had much practice at this class of work. 

The ruling gradient, to the left, or in the direction of heavy haulage 



by Google 



8 



J'" 



by Google 



by Google ~^ 






by Google 



b, Google 



OFFICE LOCATION 83 

was '6 per cent., conseqnentiy the '4 per cent, gradient used here allows 
plenty of scope for compenfiation on the S3'697 chains of 2°'122 cnrve. 
From the other direction the ruling gradient was 1*2 per cent., accord- 
inglj the 1 peroent. here located will enable the compensation on the 
2°-865 carve between chainage 142 + 85-68 and 155 + 03-24 and on 
the a^-as? cnrve between 159 + 83-79 and 170 + 28-12 to be eamly 
applied. 

For this railway the latitnde and departure tables are given in 
Table V., p. 84. 

COKPENSITION FOB COBVATimR ON QbADISNTS 
In Btndying haulage npon a railway, it is fonnd that by far the 
greatest resistance to it is dne to gradients. But at the same time that 
dne to curvature cannot be overlooked, especially where the hauli^e is 
upon a ruling gradient or one nearly as steep. On such occasions any 
slight increase in the resistance may have the effect of overcoming the 
power of haulage. 

Beslstanoes on Cnrrea — The principal resistances on curves are 
those due bo tiie degree of curvature, the length of the wheel base and 
the amount of wear to which the rails have been subjected. These 
latter, too, render the exact amount difUcalt to approach for general 
purpoBeH, as nothing but an average for each railway concerned could 
possibly be taken. However, rules have been propounded for this 
resistance, and also for the amount of compensation which must be 
applied on gradients. A. M. Wellington suggested that the lowest 
limit of curve reeiatanoe at speeds not exceeding 8U miles per hour was 
abont ^ lb. per too per degree of curve on good track, whilst with worn 
rails and rough track it might be as high as f lb. Bat he also pointed 
out that this rule was not perfect as in the case of sharp curves [or 
with a high degree of curvature] the resistance so given was too great, 
whilst on flat curves of 1° or 2° of curvature the amount was too small. 
Compensatloil. — When the line is on an incline, it is necessary to 
reduc« the percentage of gradient in order to compensate for the 
resistance due to curvature. For this purpose it needs 6attening as 
the case may require. Welliogton suggested a reduction of -05 per 
cent, per degree of curvature on gradients, and the rule is a good 
general one, but might be reduced to *04 per cent, for d^reea from 5" 
to 10°, and to *03 per cent, for degrees above that. It is also possible 
to reduce these by '01 per cent, on lines devoted to fast traffic. Again, 
where a curve is approached by transition curves so great a reduction 
is nob needed. The locating of a line upon a long length of ruling 
gradient is a very difficult problem on account of the necessity for this 
compensation. 



by Google 



RAILWAY SUEVEYINQ 



iiliiiil 



iiiiliil 



= i 

a' IS3 

itauiiiiitAti 
ssasVsa 

+++++++ 
SaSSSSs 





1- 


I 


I'ii 




t 


aij 




iii 


1 




ii- 










fc 










1 


u 


iiiil 










" 


« 




















i 




* 


sSSii 




* 








^ 


ki 


S5s? 










- 


ii 


























HHldH 










ji 


ssb= 


^ 




»">:« 


Sj 


9-.C.S- 






s!ia 










^? 


lis 


















» 


32= 


Jl 


OOfl 




5!S 




„„„ 






sss 




it" 


Hi 

m 











Joglc 



OFFICE LOCATION 85 

Example.— The folloving example will illnatrate this. Take the 
inllng gradient at 1 in 100, oi I'O per cent., and the dietance between 
two points connected by the ruling gradient at fifty stabiooa or 5000 
feetf the difference in elevation of the two pointe being f>0 feet. Let 
it be supposed that it la necessary to have eight stations (100 feet 
each) of 8° cnrve, and seven stations of 2° cnrve. Then, allowing for 
compensation for corvatnre as above, the total gain in elevation 
will be— 

85stetionsat 1-0% = 85-0 feet 

8 „ at(l-0%- 3 x-05%)or-85%= 6-8 „ 

7 „ at(10 - 2 X ■05%)or-90%= 6-8 „ 

Total = 48^ „ 

But the difTetence in elevation of the two pointe is 50 feet, conse- 
quently even upon the ruling gradient the elevation has not been 
surmounted by nearly 2 feet, 

Bapporting the Lbie.^Thu8 it is necessary to adopt some other 
method of supporting the line so as to develop it etiU more. But in 
thus gaining additional length the amount of curvature, which is 
almost bound to be increased, should be kept down as low as poesible. 

In changing the location of this line the method illustrated by the 
dotted line in Fig. 18 will prove very usefuL It frequently happens 
that long lengths of straight can be located at little cost on a gradient 
flatter than that really required to reach a limiting point, and that 
when leaving the straight the curves are natnr^ly upon a steeper 
gradient. Such location is fatal to satisfactory results. Every effort 
should be made to locate the straights on the steeper gradient, thus 
enabling that on the curves to be flatter, and so increase the efficiency 
of the line. 

Vbbtioal Curves 

Vertical curves are used at points of chunge of gradient to round 
off the gradient line and prevent sudden shocks to trains, and the 
tendency to break couplings. 

Circular curves have occasionally been used for this purpose, but 
the correct one, and that more easily set out, is the parabolic curve, 
which is now in common use for this purpose. On account of the 
properties of a parabola, uniform changes in the percentage of gradients 
at equal interviJs along the gradient line will produce the curve. 

Examples. — ^The s^ {i.e. where the gradient lines intersect in an 
obtuse angle above) ADO in Fig. 20 Is formed of two gradients of 
+ '8 per cent, and — '4 per cent, intersecting at D. 
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On American railways at changes of gradient, at either sags or 
Hammits, of -3 per cent, and upwards, it is found necessary to use 
vertical cnrves. The rate of change of gradient per station (100 feet) 
on these curves is an amount less than -3 per cent. 

ITius in Fig. 20 the change in gradient at D as given by deducting 
the one from the other is — 

+ -8 per cent. - (- -4 per cent.) = 1-2 per cenL 

And taking a rate of change per station of -2 per cent., it will 
1-2 
require ^ = 6 stations for the length of the curve. To find the 

tangent poiiU« A and G, measQre 300 feet in each direction from 1>, 
and let A, B, C, D, B, F and Q be the station points. Then, the level 




of D being 103'7, those of the other points A, B, etc., can be calculated 
They ate given in Table YI. 



TABLE VI 
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+ -8% 






(B.C.) A 


■1% 


+ -7% 


1061 


1061 


B 


■2% ! 


+ -5% 


106-3 


106-4 





■2% 


+ ■3% 


104-6 


104 a 


D 


■2% 


+ -1% 


103-7 


104-6 


E 


■3% , 


+ -1% 


104-1 


104 6 


P 


■1% 1 




104-6 


104-6 


{E.C.) G 


' 


+ -4% 


1049 


104-9 



In the second column in the table it may be noted that the change 
of rate of gradient between A and B is 1 per cent. ; this is due to its 
being the average between the rate of change at A (-0 per cent.) and 
at B (S per cent.). The same occun between F and G. From the 
fifUi column the level of the curve above D is '9 feet. 
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Fig. 21 represents a yertical curvo at a sammib. It is usual to 
make the length of the curve in summits half of that vhich it would 
be in a sag for the same rate of change of gnidient. But the length 
is always made an even number of 100-foot stations. The Canadian 
Pacific R^lway makes the length of the yerticai curvta in sags as many 
stations 100 feet long as there are '1, or one-tenths in the change of the 

1-2 
gradienl rates. Thus in above example the curve would be — - stations 

1-2 
= 1200 feet in length. Also In summits the length would be .» 

stations = eOO feet. The change of rate of gradient as given in the 
second column of the table would be -05 per cent., -1 per cent-, etc., 




in sags and '1 per cent., -2 per cent., etc., in summits. Thus the 
figures in the table would have done for the case of a Bummit on the 
Canadian Pacific Railway. 

Beleoting and Fixing the PosittoDB of Vertical CuTYee.— 

The need for vertical curves is more felt in the case of low speeds than 
of high speeds, the length of them in the latter case being made shorter 
or omitted altogether. 

Location is not considered good which places a sag in a cutting or 
a summit on an embankment. The sag on an embankment requires 
additional filling when rounded off by a vcrbical curve, and in the case 
of a summit in a cutting more excavation is required if this refinement 
is applied. Consequently vertical curves generally mean additional 
earthwork. 

The Betting oat of vertical cnrves is simply the operation of taking 
levels on the st^ion pegs, and finding at each station point the 
difference in level of the peg and the formation or subgrade as given 
by the corresponding fignre in the fifth column of the table. 

MouEHTUu Gradients 
The kinetic energy possessed by a train travelling at a uniform 
velocity can be utilized in overcoming resistances greater than those 
experienced in mounting a mling gradient. In locating a line, more 
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especially where heavy coat of conBtraction most be avoided, gradients 
greBter than the ruling gradient ate Bometimei adopted. Bab their 
adoption can only occar where it is possible for the train, when entering 
snch a section of steeper gradient, to hare stored in it sufficient kinetic 
energy to enable it to overcome the additional resistance due to the 
excess of steepness of the gradient over and above the rnling gradient. 
This kinetic enei^ is nsnally acqaiied by approaching the ateep ap^^mde 
on a down-grade. These gradients, steeper than the rnling gradient, are 
called momentnin gradients. The velocity heads of trains acqaired in 
descending various depths on down grodientii was caief ally investigated 
by A. U. Wellington, who asanined a 6'14 per cent, loss of total energy 
dne bo the rotation of the wheels in preparing the data in Table VII., 
thos making the head for any given velocity greater than that which 

would be obtained by nang the formnla h =wz where A is the head in 
feet, V the velocity in feob per second, and ff the acceleration of gravity. 



TABLE VIL 

TABLB of TBIiOCITY Hbu>8. 
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34-00 
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4-80 


27 


36-88 
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5-11 
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37-83 


18 


6-00 


39 


29-88 


U 


6-96 


ao 


81-95 


ID 


7-99 


81 


84-12 


IS 


9-09 


82 


86-35 


17 


10-36 


33 


38-66 


la 


11-50 


34 


41-04 


19 


12-82 


36 


43-49 


20 


11-30 


36 


46-01 


21 


16-67 


87 


48-60 


33 


17-19 


38 


61-36 


33 


18-79 


39 


64-CO 


31 


30-46 


40 


66-80 


3G 


23-30 







The 6-14 per cent, above mentioned was an average ; for trains 
heavily laden it was 1 or 2 per cent, less, whilst for empty trains it was 
sometimes 4 or 5 per cent, higher. 

What is generally understood by a ruling gradient is one which mnst 
be approached by a train with a minimum velocity of 10 miles per hoar 
or a velocity head of S'55 feet (see table). OonseqaeDtly, if at the end 
of a momentum gradient a ruling gradient has to be surmounted, 
snificient momentum must be retained to provide a velocity of 10 miles 
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per boDr Dpoa entering the ruling gradient, thna redncing the maximnm 
length of momentiim gradient. 

Example, — The following example will illuBtrate this (Fig. 22.) A 
train approaches from A down an easy gradient to B, where its velucibjr 
IB 80 miles per honr. At this point a momentnm gradient of 1'2 per 
cent, begins and mna to G, where it changes to the ruling gradient *8 
per cent. It is necesBary to find the lei^th of momentum gradient BO 
which can be located. The table gives the velocity head at B as 81'd5 
feet. Since CD is on a rnling gradient, the velocity head at G most be 



Fra. 23. 

S'55 feet. Therefore the velocity head which can be lost between B 
and G = 31-95 - S-65 = 28*40. 

But the engine can hanl npon a -8 per cent, gradient. Therefore 
it will overcome the part of the resistance dne to this gradient and 
leave the balance dne to 1-2 — '8 = '4 per cent, to be overcome by 
the momentnm. Thns the momentum is nsed np on what might be 
called a '4 per cent, gradient. 

Therefore the length of BC is given by 28-4 -H '4 = 71 stations 
=1 7100 feet. By the inverse process the velocity, which mnsb be 
attained at B relative to a definite length EG, may be calculated. 

ObjeotioDB to Homantam Gradients.— The objections to momen- 
tum gradients are several. No stopping can occur on the gradient AB 
if its length is only snfficient to raise the velocity at B to the required 
amount. 

The gradient AB must not be as steep as the roling gradient, since 
in the event of the train being stopped by any cause near the bottom of 
the Bt^ it will not be able to move either way. The sudden chaises of 
speed pnt severe strains on the conplings and on the cars themselves 
in s^. 

Use of Table. — In asing the table of velocity heads for purposes 
of momentnm gradients, it will be advisable to increase the velocity 
heads 25 or even 50 per cent, where some intimate knowledge of the 
resistances in rolling stock is not obtainable. It mast also be 
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remembered that a new brack offer mnch more reeutAiice to tTecbioa 
than one which haa become smooth by conBtant usage. 



Thb Virtual Propilb 

The virtual profile is the line joining the points, representing the 
velocity head, set off from each point on the ordinary profile for any 
selected initial velocity. 

Ezample.— The following example will illustrate this. (Fig. 23.) 
It is aaanmed that the train reaches A with a velocity of 26 miles 
per honr, and that the pull of the engine is jost sufficient to overcome 
all resistances, and thns preserve a nniform velocity on the level. If 
the engine continues to exert the same pull on the down gradient AB 
the Telocity will increase dae to gravity. Thus at A the velocity being 



T 

VHuHi Profte 









25 miles per hour or equivalent to a velocity head of 22'2 feet, the line 
of virtnal profile at this point will be 22-2 feet above A. Again, when 
the train reaches B, which is 26*4 feet lower than A, ite velocity head 
will be 26-i + 23-2 = 486 feet, whicli from the table will be seen to 
correspond to a velocity of 87 miles per hour. If the engine continue 
to exert the some pull in running from B to G, the train will have 
mounted 14-48 feet, thus reducing its velocity head to 84-12 feet, and 
its velocity to 31 miles per hour. Again, at D the velocity head is 14'2 
feet and the velocity 20 miles per hour ; at £ it haa increased again to 
4]'04 feet, and the velocity to 34 miles per hour ; and lastly at F the 
head is again 22*2 feet, and the velocity 25 miles per hour as at A. 
Thus the system of points above A, B, G, etc., corresponding lo the 
velocity heads, lie on a horizontal line called the virtual profile. By a 
study of the virtual profile line the position of which has b^n eetablished 
by an assumed initial velocity, the velocity at each point of the located 
profile can be determined by scaling off the velocity head from the 
virtual line, and finding the corresponding nailes per hour from the 
table of velocity heads. If the point D had been on the virtual profile. 
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th« velocity head woald have been zero aad the train would have come 
to rest. Thus it is aeceBsarj to have all points on the profile below the 
rirtnal profile. From Fig. 28 il is seen that bo long as the engine 
szeitB a anifonn pnll, snfficient to keep the velocity constant on the 
level, the undnlations io the road bed as shown on the profile will not 
affect the hanling demands on the engine, bnt will eventnally bring the 
train back to the same level at F as it was at A, with no loss in velocity. 
[This, though a theoretical condition is found in practice to be approx- 
imately correct, some slight modifications are at times required due to 
imperfections in the track, and to variations in resistances to hauling 
on up and down grades and on the level.] 

Slope of the Yertlcal Profile. — Virtual profiles are not always 
horizontaL If, in faanling a train upon a gradient, the engine preserves 
a oniform velocity due to its exactly overcoming the ordinary resiataacea 
together with that due to gravity, the virtual profile is parallel to the 
gradient line, and at a vertical distance from it equal to the constant 
velocity head. To have the virtual profile parallel to the gradient line 
on a down gradient would require the resistance of the brakes added to 
the ordinary resistances to equal the effect of gravity, and thus preserve 
a uniform velocity. Thus we see that the virtual profile is puallel to 
the gradient line when the velocity is uniform ; that the velocity is 
increasing when the profile lines are separating and diminishing when 
they are approaching each other; and that when they coincide the 
velocity is zero. 

Use of Virtual Profile In seleoting Qradiente.— In order to 
study the effect of gradients at points where hauling may be difficult, 
virtual profiles may be constructed for both fast and slow traffic, if 
necessary, but that for the tatter is generally sufiicieiit. 

If a portion of road was designed for operating according to a 
virtual profile and at some subsequent period a station or stopping place 
was located between its extremities, it may be found impossible to 
operate the road without an additional engine. Bnt in any case of this 
kind the virtual profile will point out a remedy if such is possible. 

An ideally located line is one on which an engine will haul with a 
constant pull throughout its length. Bat no such location can be 
performed without an intimate knowledge of the locomotives, rolling- 
stock and sizes and weights of trains to be used on the line. 
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CHAPTEU VI 

FIELD LOCATION 

Whrn the line is finally located in the office on the topographical 
plan and the corresponding profile, with gradientii marked on, is 
prepared together witji the muterial distribution carve, the next opera- 
tion IB to reproduce it on the gronnd. In performing this reprodnction 
it must be remembered that it is a line with the same properties, profile, 
etc., or a better one, which has to be located on the ground. It can 
hardly be expected that the topography on the origisal topographical 
pl»a, prepared daring the preliminary snrvey, will have been located ho 
accorately with reference to the preliminary trarerse, as to ensnre that 
the line, which is an accarate reprodoction of the office location with 
respect to the traverse line on the gronnd, will have the identical 
properties looked for. Bnt what generally happens is that the line 
obtained ia this way is very near the required one and only needs 
adjusting on the ground. Gonaeqnently, in transferring the office- 
located line to the ground, any extremely accurate melliod of perform- 
ing this work is a waste of time, as the line will invariably reqoiie 
roadjoBtment on the ground. However, there is no need for carelcas- 
nees or adopting haphazard methods when simple and at the same time 
rapid methods can be adopted. 

Setting Out the Offloe Location on the Gpoond. — The following 

is the general method adopted and applies to most parte of a line over 
any terrain. Fig. 24 ebows the traverse ABC, etc., and two tai^enta 
or straight^ of the located line A'B"£"G" as produced in the office on 
the topographical plan. The traverse ABC, etc., ia already staked out 
on the gronnd, being the preliminary line. The positions of A', B", E", 
and 0", can be carefully scaled on the plan and later marked out on the 
gronnd according to their scaled chaiuages. For instance, if a theodolite 
be set up at B and sighted on A, A' can be placed truly on line. Similarly 
by sightii^ on 0, B" may be accurately located. 

^is instrumental work is frequently necessary, as only some of the 
stations between turning points are lined in by the instrument during 
the preliminary survey. As only a few points may be obtained by 
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intersectiouB like A', B", etc., it is neceasary to draw in sqnare offsete U> 
the traveiBe lines on the plan and to scale off theii lengths to the located 
line as at B, 0, T>, E, F, Q, and H. These offsets shonld each be made 
sqnare to that traverse line which is most nearly 
parallel to the located tangent. Thns the off- 
sets at both and D are at right angles to the 
line CD as being more nearly parallel to the 
tangent than either OB or DE. Again, at E 
the offset a at right angles to EF which is 
nearly parallel to A'B'Ciy. Sometimea it is 
necessary to take offsets at station poiuta 
between taming points on the preliminary 
traverse, where traverse lines are long or the 
country is wooded. In snch cases the station 
points used most be lined in by the instrument. 
These offseba are carefully scaled on the plan. 
The most practical method of conveying the 
informatioa of lengths of offsets, etc., into the 
field is on a tracing or sketch of the lines on 
the plan, each offset having its length marked 
apoa it Also the chainages of snch points as 
A', B", E", etc, shonld be marked on. 

With safRcient data of this kind for a day's 
work and also with the office profile or a bracing 
of it, the locating party will take the field. 
Points such as A', B", etc., are taped out and 
fixed in position, ranging poles being set up at 
them. If the offsets at B, G, D, and E are 
short, not more than 100 or 150 feet and the 
ground is level or nearly so, they may be squared 
off with an optical sqnare and the position fixed 
by taping. If, however, the ground slopes con- 
siderably a cylindrical cross-head with plumbing 
adjustment may be used satisfactorily for 
squaring off. It must be remembered that the 
tendency to error in the position of the point 
located is much greater if the traverse line from 
which the right angle is being set off is not 
nearly parallel to the location tangent. In such 
cases it is generally more satisfactory, especially 
on sloping ground, to set off the right ai^Ie by 
the theodolite. At each of the points on one tangent located as 
described ranging poles are set up. The number of points fixed in this 
way on any one tangent should not be loss than 4 and preferably 6 or 7i 
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and more if they cannot all be seen from either end. These ranging 
poles ought to lie approximately in a straight line. Bat an error of a 
few feet on one aide or the other must be expected, aa the scale of the 
plan on which they were measured may have been as fine aa 400 feet to 
1 inch where the Uiickneas of a pencil line wonld amonnt to a few feet. 

The rangit^ poles are now adjusted by eye to occnpy a straight line> 
The skilled locator does this qnite qnickly, striking the mean position of 
the poles and partly ignoring any which seem to have an excess of 
error. 

TeBtlng the LavelB on the Set-Ont Lines for agreement vith 
the Looation ProBle. — lb is now advisable to teat the levels at a few 
points on this line or at several if it is a long ona This may be rapidly 
done with a hand-lcvd, obtaining the coUimation or level of the eye by 
sigliting on the staff held at the section point on the preliminary traverse. 
Itis generally most convenient to test the surface levels at such points as 
A', B', etc., at which ranging poles are standing and the approximate 
levels of which can have been marked on the tracing in the office. But 
sometimes other important points exist, each as summits or bottoms of 
depressions, which require checkii^ also. An error of a foot in level 
either way and more in the case of very rough ground most be ignored 
in this operation. If, however, all points tested are consistently high 
or low, it is necessary to tiud the approximate location of the line to the 
right or left of that polled out, whose surface levels more nearly agree 
with those on the pro^lc of the located line. This can be done by fixing 
a few additional raiding rods at the points of approximately correct 
level, the levels being taken by the haud-lovel at the same time as the 
line levels are being tested. This operation can be done very qnickly 
and need not be any source of delay. But a little care in locating the 
correct position of the line well repays the labour. On this account a 
good number of points must be prepared in the office, lest they fail to be 
located on account of obstmctions. If the line is shifted to the right or 
left, its new position should be sketched on the tracing and three or 
foar points in it fixed by swing-offsets from the traverse line. 

Fixing the Pointe of InteFseotion. — When two consecutive 
tangents of the located line are ranged out in tliis way their point of 
intersection, the P.I., is sighted in so as to line with both of them. A 
large peg 2 to 2^ inches stjuare is then driven at the P.I. and centred 
with a small flat-headed nail. The instrament is now set over this point 
and the previons P.I. sighted upon. 

CarreB and their Tangent Points.— If the next P.I. has also been 
fixed the deflection angle between the two tangents can be read and the 
positions of the tangent points of the curve calcnlated and fixed on the 
ground, as the degree of cnrvature is already given on the plan. The 
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tangent points are fixed by driving la^^ pegs as above and centring them 
with a nail. They are further marked by driving two amaller-eized pegs 
(or gnard pegs) one on each side Of the line abont 6 inches from the 
centre and with their points sloping in towards the centre peg. The 
curve may or may not be rnn in on the ground now, according to 
whether the party is deputed to do that part of the work or not. If so 
the chainage of the previons part must have been complete np to tliis 
point. 

In monntainons conntiy cnrvea instead of tangents may predominate, 
in snch cases and also in the case of long cnrves in other coantrj, points 
on the curves must be located by the olfset method and checked for level 
in order to compare with the levels on tbe protile, as the tangents are too 
far removed from the cnrves at points near the P.I. But the P.I.s for 
all cnives most be fixed also to enable the carves to be accurately set out 
later. 

Locating a Long Length of Straight on the Oronnd.— In 

open, level country, where probably location is performed withont any 
preliminary survey having been made, the problem of locating a long level 
of straight has frequently to be confronted. The most satisfactory way, if 
pofisible, is to direct the telescope of the instrument upon a distant object 
on the line to be followed, then fix between 10 and 20 stations on this 
line, carefully centring the peg driven at the last one, before moving the 
instrument to it as the next observation point. The instrument, when 
set accurately over this new point and levelled up, will have its telescope 
directed immediately on the distant object withont any backsighting 
and the next sequence of stations will then be established. The only 
object for which backsighting would be useful is as a check on the 
accuracy of the instrument, thus showing immediately if the collimation 
line is truly at right angles to the axis of rotation of the telescope. But 
it is not necessary to have this in adjastnient for setting out a straight 
by the distant object method. If no distant object can be sighted upon, 
the method of producing a straight line explained on p. 46 must be 
adopted. 

Ghalnhig the Looated Line. — When a snfficient number of P.I.8 
liave been located and possibly the B.Cs and E.C.s (the beginnings and 
ends of cnrves) the line must be carefully chained out. Each station 
point must be lined in by the instrument, the points being marked by 
solid 2-inch square pegs driven flush with the surface of the ground. 
On cnrves, where the curvatnre does not exceed 4° or 5", if the station 
poiubs are 100 feet apart, intermediate pegs must be fixed at the 50-feet 
points. On curves sharper than &" it is advisable to have the points 
closer together than thisamonnt, 2.^'foot intervals being frequently used. 
If the gunter chain (G6 feet) is being used, the interval it affords is 
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aufficieittly siubII up to aboab 4° cnrves (21*7 cliama ndins). Probably 
a better dimion point would be at the 20 chains raditui cnrve. For all 
corvea with smaller radii 38-foot intervals should be used. 

The marking of chainages on the located line should he done as in 
the case of the preliminaij line on small labels of wood fixed in the 
gronnd to the right of the pegs. The marking ghonid be done in a 
distingnishing colonr. Thna if the preliminary trarerse is marked in 
bine the location may be marked in red. 

Fixing RafAFenu Pegs for the Prewrvatioii of Important 
Points. — The method of mnning in the carves will be described presently. 
When each cuiye is fixed the tangent pointe, or B.C. and E.C., have their 
position carefully recorded by driving reference pegs beyond the excava- 
tion or embankment on each aide of the line. 

Fig. 25 shows a common method of doing this. When the instru- 
ment IB set up at the tangent point B.G. for the purpose of setting oat 




the curve, a line to A can be set off by making 45° with the tangent aud 
the point A can be chosen so as to be quite clear of the earthwork. A 
peg is then driven at this point and its distance (43 feet) from the B.C. 
taped. The telescope is now transited and a corresponding point C 
6xed on the other side. Then tnraing the angle through 90° D and B 
may be GxeA. It is not necessary to set off 45° and 90° as shown, bnt 
the best resnlte are obtained by fixing the lines AG and BD at right 
angles to each other. By thus referenciog important points on the 
located line, they can be reset accurately in their horizontal positions 
when the earthwork is completed, by setting up a theodolite at one of 
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the points as A and sighting on G and pnbting in a peg at 43 feet from 
A, and can be checked for centre by measoiing the distanoeg from B 
acdD. 

Gompletiiig the Looation Surrey and Plan.— When the line ia 
chained out a special survey slionld be made of all bonndary lines and 
other artificial topi^raphy through which it passes. If a theodolite is 
not being nsed to fix the bearings of snch lines aa cnt the located line, 
their directions may be determined by the box sextant. The names of 
all owners of property are usnally entered npon this final plan, in the 
areas owned by them (see Fig. 18). AH river and road crossings are acca- 
rately surveyed. In this country deviation lines SOO feet on either side 
of the centre line are shown on this plan (see Fig. 26). When authority 
is obtained by Act of Parliament to construct a line, power is granted to 
vary the position of the centre line within these limits. But it is 
necessary to show on the plan a complete survey of the full width 
betweeo deviation limits. The railway boundary lines or limits of right 
of smj corresponding to the centre line shown must also be plotted on. 
This is obtained from the calculated half-widths of cuttings and em- 
bankments together with the lengths from the edge of the slopes to the 
boundaries. The lines formed by these widths in rapidly nndulating 
country are so wavy that it is generally necessary to straighten them on 
the ground by conceding as much land at one place as is taken in at 
another. Where borrow pits or spoil banks are needed additional widths 
most be provided for. 

The Levels and Final Profile. — The levels of the located line must 
be taken very carefully, bench-marks being established about every half 
mile. Iievels should be taken on every station peg as well as at any 
intermediate points where changes in the surface occur, in order to be 
able to plot an accurate profile of the line. Levels may be checked 
upon bench-marks or turning points of the preliminary traverse at 
points where the two lines approach each other. 

The profile when plott»l will have the gradient located upon it. 
This should be plotted in pencU pending its final confirmation. At this 
stage, or whilst the levels are being tEiken, borings should be made at 
various points in the cuttings to show the nature of the material to be 
excavated. Where alternations in the depths of rock and clay exist at 
any pointe, it is advisable to take sufficient borii^ to enable the best 
position for the line to be found which will be most economical in con- 
struction whilst conforming with other requirements. 

Gheoking the Profile on the Groond and niakin| the Final 
Bevlslon. — Taking this profile and the boring information with him on 
to the site, the locating engineer is enabled to make further refinements 
in the line, which will become more evident when studied thus on the 
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ground together with the infonnatioii providecl by the profile. He will 
also observe the beet places for borrow pite and thus determine how 
the material is to be distributed. Whilst walking over the located line 
in this way he will obaeiTe the rirer crossings and decide upon the size 
of spans and nature of l^idgea, culverts, etc. 

The profile is now taken back to the office and the gradient line 
which is peooilled upon it ^ain studied and any revision which seems 
advisable made in it. The effect of this revision on material and its 
dislribation shonld also be invest^ated on the " distribution curve " 
and an eatimate prepared which, if found satisfactory, enables the inkiag 
in of the gradient line to be performed. Sites for bridges and other 
structnres shonld be surveyed more accurately and plotted to a lat^r 
scale, 20 to 40 feet to an inch. 

These sarveys shonld include abundant levels of the surface, also 
showing the rate of fall of the river or road. Also high and low water 
levels shonld be obtained. The fonner are generally obtained along river 
valleys marked by the deposit of brushwood and river debris. Where 
the highest kyers thus deposited on the river slopes are taken, it is 
usually assumed to be a fair indication of high water. 
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CHAPTER VII 



SiHFLB &AILWAT CUBTEB 

The circular cnrre is that commonlj used In raOwa^ work to connect 
lei^hs of tangeotB or Btraigbt« together. Albhongh the sodden 
change ia motion dae to leaving a ebraight path for a circnlar path 
has caused mnch discomfort to passengers, aa well as risk of accident 
to trains, the circular cnrree stUl hold their place, thoagh in most cases 
now the approaches to them are eased hj transition carves, 

EipnBBloDs for Cttrr&tnra.— There are two ways of eipressing 
the carvature of any raUway cnrve : — 

(1) In dreat Britain it is referred to as of a certain namher of 
chains radios, and as the chain used is the Gnnter chain (66 feet long) 
the corvatnre is definitely fixed by 
so describing it. , 

(2) In America and other conn- 
tries the d^ree definition is used 
for the corvatnre. Thus a 4° corve 
is a portion of a circle of such radins 
that 1 chain chord snbtenda at the 
centre of the circle an angle of 4°. 
In Fig. 27, D" corresponds to i°, 
heiag the d^ree of the corve. In 
America the chain chord need is not 
S6 feet hot 100 feet. 

But it shoold be noted where any 
doubt existB as to the length of 
chain used the corvalore is not p^^ 2t. 

defined by stating the degree of 

the cnrve, aa a 4° carve " set oat " with a 6fi-foot chain is mnch sharper 
than when " set oot " with a 100-foot chain. 

In dealing with (1) it is necessary to make ose of the radian (the 
oxat 9t circular measorenieiit). This which is the angle at the centre 
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of a circle subtended bj an arc equal to the radiiiB, is eqnal to 57-3° 
approximately. In the caae of railwaj carves the lengths along the 
ciicnmference of the circle are measnred with chords generally 1 chain 
long ; consequently there is a very slight error in making use of 
the radian, as the arc coireBponding to 57'S° at the centre will, when 
measured by chain chord lengths, give a less total than the chains in 
the radins, bnt only very approximately leas. This is evident, as a 
chord 1 chain long will deviate very little from the arc in the case of 
circles of over lU chains radios, and few railway cnrves are sharper 
than these except in terminal stations, where speeds are very small, or 
in special cases in moantain railways. 

radius in chains ~ "'"'^^' "^ d^rees snbtended by 1-chain chord 

This, which is called the degree of the curve, is designated by the 
letter D. 

. ^^n = ])<. 

'* radius in chains 

In setting ont a clrcalar curve of I) degrees, the deflection angle 
for each chain length is j^D°. (This will be sliown presently.) 
How, f.r'-S = 8438' 

■*• i ^ins in chains = *''^ ^^« "^ ^^« '"^*' '"^ ""^*« 
Bnt half the d^ree of the curve is the deflection angle for 1 chain 
length. 

.', — ji — ^ — . ■ ■■ = deflection angle in minntes 
radins in cliains '=' 

This is the formula commonly used in setting out railway carves 
in Great Britain. The more accurate value of 1719 is 1718-87888, and 
the value 1718'9 is often nsed instead of 1719. Many engineers make 
use of this formula to determine their deflection angles without knowing 
anything of its origin. 

In " running in " railway curves, the line " set out " by the instru- 
ment is usually placed in the centre of the formation. Thus a single- 
line track will have its centre line given in the middle of the track 
between the rails. In the case ofa double line, the centre line will be 
fixed in tbe middle of the 6-foot way, and equally distaut from the two 
roads. 

In Great Britain engiueers dealing with the question of curvature 
on rulways think in chains' radius. Thus a 15-chain curve with the 
usual superelevation would be considered too sharp where a speed of 
40 miles per hour was required, a 20-chain curve, or one even flatter 
than this being considered advisable. In this way the relotivQ values 
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of the varioDB cnrreB are thonght of and expressed. The American 
engineer in a simikr way thinks of his cnrreg in degrees with reference 
to the pennistiiblo muimam Bpeeda of trains to be run on them. 

CaryatDFe EzpFSBsed In De^eea op Radins in ChalnB.— 

The relation between the degree of a curve and the radios of curvature 
are clearly seen from Fig. 28. The line joining the centre point of 
the 100-foot chord to the centre of circle, being at right angles to the 
chord, affords the following properties :— 



50 



. fi (the radius of ourvatnre) = 




w 



An approximate value for lliti R may be found by replacing sin JD° 
in tliitt formula by j^D" in radians. 



(6) 



_ 50 X 2 X 57-3_57S0 



This is only useful in the case of smnll values of D, or for the 
purpose of obtaining approximately the value of R. 

The Elements of a Railway CnPYe. — The ordinary problem 
met with in the field in mnuing in railway curves is that of connecting 
two tangents or straights by a circular curve, the degree of which has 
been decided upon. 

Thus in Fig. 29 a portion of two located tangents B.C. P.I. and 
P.I. E.O. is shown, ialerscoting externally in angle A (^t P.I. (Uie 
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poiDt of intereection). These require to be connected by & ciroalar 
curve, and it is aBsnmed the required carve is B.C. E E.C. 

B,0. (the beginaiDg of carve) itiid £.G. (the end of carve) are the 
pointfl where the tangents tonch the circle. Therefore B.G. P.I. and 
£.C. P.I. are the commoa tangents from P.I., and are coneeqaently 
cqaal Each of these is called T. T is commonly called the sab- 
taogeat, the term tangent being applied to the length of straight 
coDQecting any two circalar carves. 

The central angle B.G. E.C. ia equal to the external angle A 
because the tangents forming the latter are reapectively at right angles 




to the radii (R, R) forming the former. Also the straight line joining 
(the centre of the circle) with F.I. bisecte the central angle making 
each half of it equal to ^A- 

The straight line joining B.C. to E.G. is bisected by tins line 
P.I. in D at right angles. This line B.C. E.G. is commonly called 
the long chord, as it joins the eztremitiea of the curve. £D the ordinate 
in the centre to the curve is termed the middle ordinate, aad P.I. E is 
called the external dittance. 
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All these can be expressed in terms of the radins (B), and fnncbiona 
of the external angle A- 

Thus the sobtangent T = R tan JA ... (c) 

Tlie long chord (L.C.) = 2R sin JA ... (d) 

The middle ordinate (R.a) = R vera iA ■ ■ • (b) 

The external distance = R exsec JA ■ - • (/) 

(the Tenine = 1 — cosine and the ezsecant = secant — 1) 

The chaiD poinU measnred from the B.C. are shown at 1, 2 and 3 
in Fig. 29, the total length of curve here being abont 3*1 chains. 
Therefore, if the chain is 100 feet long, the total length of curve 
= 310 feet. Thus distances B.C. 1, 1 2 and 2 3 subtend respectively 
at the centre of the circle angles each of the valne D° (the degree of 
the catre). 

For example, if the cnrve ia a fi° one, there vill be three of these 
5° angles subtended bj the arc B.C. 3, and '1 of one 5° angle (or SO') 
subtended by 3 E.G. Therefore the whole central angle or A will be 
= 15° 30'. 

If B.C. 1, B.C. 2 and B.C. 3, be joined reepectirelj by stra^ht 
lines, the angles P.I. B.C. 1, 1 B.C. 2 and 2 B.C. S, are each equal. 
This is, a property of circles (see following paragraph in paren- 
thesb). 

(Fropertlss of Cirolea used In Betting fhem out on tlie Oronnd b; 
Defleotlon Angles. — In Fig. 30 AOD is a. diameter of circle. AE a taDgeDt 
at its extremity, and therefore at right angles to it. 

AB and BC ore equal arcs. Job AB, AC, OB, and OC. Bisect AB in F 
and join OF, 

Now angle FAO + angle AOF = 90" = angle EAO. 
.-. angle EAF = ongle AOF 
= \ angle AOB. 
Similarly angle EAC = k angle AOC. 
.-. angle BAG = { angle BOC. 

Thus, if a system of equal ares AB, BC, etc., be set off round the circum- 
ference of a circle, and a tangent be drawn at the first point (A), aud chords be 
drawn from the first point to each of tho other points, a splay of radLatJng linea, 
cutting olF equal angles, is constructed. Each of these angles, uamely that 
between the tangent and firtit churd, that between the first and seuond chords, 
and 80 OD, is equal to half the angle at the centre of the circle, subtended 
by any one of the equal arcs. 

In Belting out a railway curve these equal arcs, or their corresponding 
chords, are chain lengths, and the angles they subtend at the centra of the circle 
are equal to D, the degree of the curve. Also the angles in the spla^ at A are 
each equal to JD. Therefore tlie deBeclioa angles turned in setting out a 
circular curve from a point on the circumference (as A) are each equal Ic half 
the degree of the curve when the arcs are each a chain length. It is on account 
nf this property that a circular curve can be set out so simply by a transit 
theodolite from any point on its circumference, without the neod of finding the 
centre of cnrvatore, which in the case of railway curves is too tar distant. But 
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in the case of atreet lailmiyB, or tram lioea, carves can usually be atnidc from a 
centre, as tbo curvatare b bound to bo sharp in turning street comers.) 




Fia. 80. 

Deflection Angle Hathod of Setting Oat Railway Carves.— 

WheD setting out the circular oiirve hj deflection angles from the B.C. 
it is only ueceseary, after setting the angle at zero, or 360°, on the 
instrument, to sight on the P.I., and clamp the main limb or bottom 
plate of the instrument. Then nnclamping the vernier plate, set an 
angle of \D\ and starting the chainmen chaining from the B.C., make 
them locate point 1 one chain length from B.C., and on the line of sight 
of the instrament. Point 1 having been accurately fixed, a further 
j^D" is set on the instrument, and the fore chainman palling the chain 
forward another chain length, the rear man, remainii^ at point 1, 
endeavours to swing the line of chain round till his extremity is on 
the line of sight of the instrument. A skiUed chainman will approxi- 
mate to the correct point almost at the first trial, and only needs to 
alter his arrovr a few inches when lined-in by the instrument. After 
this he makes a farther adjustment by tightening np his chain, and 
having a final " check for line " made by the instrument. In a similar 
manner the curve is set out for any number of chain lengths according 
to its length. 
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The Chord Offset Method of Finding Points on the Corxe.— 

It iB advisable for a chainman to get accnatomed to measnritig the 
chord offsets as Xi, Y3, and Z4 in Fig. SI. These, if measnied at 
chain points, will all be eqoal. Accordingly, if when point 1 is set ont 
the fore chainman palls oat bis chain to X, in line with and 1, and 
marks the point X, and then swings his chain into the Una 1 2 when 
directed b; the instnunent man, and fixes point 2, be can meaeurfl X2 
accnratelf with his 2-foot role, or a ranging pole, and when the cliain 
is pnlled out to Y set off the distance X2, and fix the point 3 ahnoBt 
correctly, only needing final correction by the instrnment. In the 
same way all subsequent points can be set ont. In this manner it is 
possible to set ont a onrre almost as aconrately as when nsii^ a 
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theodolite, bnt in order to do so the chord offset shoold be calculated 
instead of measoring it ronghly on the groond. 

In making nse of chord offsets to set ont a cnrre, care mnst be 
taken that the first measured offset is taken when lining in on two 
points 1 chain apart. Thns if 1 was not a chain length but lees, 
which freqaently happens in the case of the tangent point and the 
next chain point on the carve, dne to the tangent point not occurring 
at the even ohaiD^:e, the chord offset wonld be less than the correct 
length, and consequently if nsed to " set out " the rest of the carve, it 
will canse it to be too flat. 

Determining the Deflection Angle for Fraotions of a Chain 
Length.— Now that points 1, 2 and 3 are fixed (Fig. 29), it is neces- 
sary to set off the angle for the last point, the £.C. The distance from 
8 to E.C. is -1 chain, consequently the deflection angle is -1 X il>°, 

i^. gx, which in the case of a 5" curve is 16', and the total ai^Ie to 

be set out from the tangent will be g x -g + 16' = 7° i6'. If this 
angle = ^A the samming of the deflection angles has been correct, 
and the point E.G. established in this way should coincide with the E.C. 
previoasly fixed ; if not the operation has not been carried out with 
eajficient care. 
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SKi-riNG OUT Bailwav Cuevkb 



WLen the tranBitman Btarta "setting oat" cnrvea on the ground he 
finds there onlj the tangents Btationed throoghont, and their inter- 
section points staked out. These latter are the P.I.S. The first 
operation is to set ap the transit at the P.I. and measnre the inter- 
section angle (A)- An infinite nnmber of clrcnlar carves can be fitted 
to tOQch these tangents, provided thej are long enough, and the flatter 
each cnrre is the greater is its sabtangent. 

It is neit neceesai; to calculate the lengtJi of the snbtangent in order 
to fix the B.C. and E.C., each of which is carefull; found hj meBSoring 
the length of the snbtangent from the P.I. along the tangents. 

Having decided upon Lhe degree of the carve, ve find the 
snbtangent as follows : — 

T = R tan iA from (c) 



" sin il) 



e(a) 



-•. T = 50 . . ^^ here both A and D are known. 

It now becomes neccBSor; to find the chaiuage of the B.C. The 
chainage of the P.I. is known, therefore the chaiuage of the B.G. is 
found b7 deducting the length of the subtangent from it. As the 
new chainage will be carried round the curve (not round the snb- 
tangent«j the new chainage of the E.G. will be less than before. 
Whatever chainage ma; be found for the B.G., the next even chain 
point and the snbseqnent ones are set out round the curve. This 
generally means that between the RO. and the first chain point on 
the carve, and between the E.G. and the last chain point are irregular 
lengths less than a chain. It is assumed, in calcnlating the deflection 
angles for these irregular lengths, that the angles bear the same ratio to 
X which the length bears to the whole chain length. This, though 
only approximate, is sufficiently correct for general field work, but would 
not be so in setting out the centre line of a tunnel, or any special work. 

Praotioal Example- — The following is a practical example which 
will make these explanations quite clear. 

Two tangents intersecting at P.I., Fig. 32. It is decided toconuect 
them by a 3° cnrvc. The transit is set up at P.I. and the external 
intersection measnred. This is found to be 17° 40'. 

It is now necessary to calculate the length of the subtangent T. 



s 50 X 



see (c) and (a) 
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Nov Lhe ohainage of the P.I. is 70+36 which length, leas 296*8, 
gives the chainage of the B.C. aa 67 + 30-2. It Ib next necessary to 
calculate the length of the curve. For every 3° in the central angle 
there wiU be 100 feet on the curve (if 100-foot chain is being naed). 
Bnt the central angle = 17° iO' 

172° 
.■. length of curve = -^ X 100 = 588*9 feet 

.-. The chainage of the B.C. = (67 + 89-2) + 588-9 = 73 + 28*1 

(The plus sign in thus marking chain^e lb nsed in place of a decimal 

point to make the marking more dUttnot. Thus 73 + 28*1 means 

73'281 chains, it also means in this case 7328'1 feet.) 




It is interesting to note how mncb less is the chainage of the E.G. 
when the meaanrements from the B.C. to the E.G. are taken along the 
carve iastead of on the tangents. The length along the tangents 
= 2 X 296-8 = 693-6, whilst the length of the curve (from above) 
= 588-9, Thna giving 5936 - 588'9 = 4*7 feet, which wonld have 
made the chainage of the E.C. 73 + 32-8. 

The actual position of the K.G. on the gronnd is marked oab at the 
same time as the B.C. by chaining from the P.I. 296-8 along the 
second tangent. 

It ia now only necessary to set np the theodolite at the B.C., and fix 
the positions of the chain points on the carve by defiection angles and 
chaining. The vernier on the instnunent is set to read zero or 860° 
and the line of collitnation is set upon the P.I., and then the bottom 
limb clamped. Then the vei-nier plate is nnctamped, and the angles 
for the stations 68, 69, 70, etc., are set in turn and the stations fixed. 
Since the chainage of lheB.C. iB67 + 392 it requires 60-8 feet to bring 
it np to 68 + 00. 
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Nov the deflection angle for one chain length (100 foot) is = ^ 

= 1° 80' or 90'. 

.-. Deflection angle for 608 feet = ^^ X 90' = 54' 48-2". 

This angle most be tomed off on the instrnment, and station 68 + 00 
fixed by chainman meagnring 60*8 feet from the B.C. 

The deflection angle for the next station 69 + 00 is obtained bj 

.adding 1° SO', the deflection angle (^) for one chain, to that already 



This will therefore be 54' 43-2" -f 1° 30' = 2° 24' 43-2". In the 
same way the sabseqneDt angles can be found and finally that for the 
E.G. requires to have added to that for 73+ 00 the angle corresponding 
to 28-1 feet. 

This is ^ X SC = 25' 17'4". 

All the angles are given in Table VIII. ' 

TABLE Vm. 
Tabla of Axolbs. 
Sight along taogent (f V o" 

-" ■ "~ H'48a" 

2" 34' 48-2" 
8« M' 48-2" 
0° 24' 48 -a" 
„ „ 72 + 00 6» 54' 48-2" 

„ „ 78+00 ' 8° 34' 48-2" 

(ThaE-C) „ „ 78 + 28-1 | 8° 60" 00-6" 

The last angle, that for sighting on the E.O., shonid eqnal JA or 
1^ = 8= 50' 00". 

The error -6" ia due to the chainage of the li.G. and B.C., only being 
calculated bo the first dedmal place of a foot. 

ObBentationa on the Method Adopted.— It should be observed 
that the deflection angles given iu this table are <»1cnlated to one 
decimal place of seconds. Needless to say, it is not poaBiblc to set off 
angles to such a degree of accuracy with the ordinary field transit or 
theodolite, the instrument work being done well if the angles are care- 
fully set to the nearest 20 or 30 seconds, and estimated to the nearest 
10 or 15 seconds. But it is necessary to calculate the deflection angles 
to seconds, in order that the total angles may be set as near their 
correct valnes as possible. Also the calculation work is checked by 
comparing the final angle with }A< >md these will not agree if this 
d^ree of accuracy is not observed. 
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Here the curve a set ont in its entirety by deflection anglea from 
the B.O., bQt it is not always possible to get a clear view of all the 
points on the carve. 

Setting Oat the CoFve with the Instrnment at any Point on 
it, other than the B.C.— Let it be aaBamed that 72 and 73 are 
not visible from the B.C. Then when the carve is set out as far 
as 71 + 00 the iastmrnent is removed to this station and the vernier 
set back to the zero or 360° mark. The telescope is then transited and 
is mode to sight on the B.C., and then the ai^le for 71 + 00, 5° 24' 4S" 
is set to the right. This throws the line of collimatioD along 71 X on 
Fig. 26 which is tangent to the cnrve at 71 + 00. 

Next transit the telescope and torn off a farther 1° 30' angle (to the 
right) which is the correct angle for 100 foot chord. This gives the 
direction for station 72 + 00. The actual an^le which is now set on 
the instmment is ft" 24' 43-2" + 1" SO' 0" = 6" 54' 43-2", or' the angle 
from the table for station 72. 

Thna we see that by setting np the instmment at any station 
point, and setting the vernier to zero, and then sighting on the B.O. 
whose tabular angle is zero with the telescope transited, the sabseqaent 
points on the carve can be set out by re-trausiting the telescope, and 
setting the angles from the table for the variona stations required. 
Special attention must be paid to the fact that the instrnmeDt, when set 
ap at any subsequent station point, most have the vernier set to the 
angle in the table for the station on which it is intended to sight back. 
Here in the case of the B.C., we set zero or 360° because 0° 0' 0" is the 
angle in the table for the B.O. ; but if it had been intended to sight back 
on station 69, the angle 2° 24' 43-2" would have been set before sighting 
back. 

Thus the curve can be completely set out, and the last point of it 
should coincide with the E.C. previously set oat along the tai^ent. It 
is necessary that the chainage should be oarefnlly taken to make these 
points agree, and consequently the chains must be accurately tested 
before and after beti^ used, or else the same chain, under the same 
conditions, must be used both for fixing the B.O. and E.C., and also for 
measuring to each chain point ou the curve. 

Some transitmen when running in carves fix the middle point E of 
the curve (Fig. 29) and immediately test the accuracy of the work by 
meaenring the distance from B to P.I., and comparing it with the 
calculated external distance [Hee(/)],but this should not be necessary, 
except in the case of a very long cnrve. 

In Table IX. is given a useful form of tabulation for curve angles in 
the field as applied to the example just given. 
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TABLE IX. 





IMUcUon 


ToUldaflteUoD 






SUtbn. 


S£^ 


uisbiNtoa. 


BtulDS. 


Bnuttl. 


E.O. ©78 + a8-l 


36' 17-4" 


8" 60' 00-6" 


N.B7»27'E. 


BeMing of tangent. 


78 + 00 


rao' 0" 


Sf U 48-3" 






73+00 


i-aty 0" 


6" 64' 48-2" 






71 + 00 


l-BO' 0" 


5» 34' 43-9" 






70 + 00 


i-acy 0" 


8° 64' 43-2" 






69 + 00 


I'SO' 0" 


3° 24' 48-2" 




1 T- 296-8 feet 


68 + 00 


M' *3-2" 


64' 43-3" 




A - 17° *0'. 

IS^^raTTelothedglit. 


B.O. ©67 + 89-3 


0* 0' 0" 


0° C 0" 


^89*47'^ 


67 + 00 











Method to Slmpli^ the Setting off of Defleotion Angles.— 

When setting oat a railway curve in which all points are visible from 
the B.C., it is found convenient to set the vernier to read the odd number 
of degrees and minates dne to the naeven chainage of the B.C. on the 
side of sere remote from that towards which the carve deflects and then 
to turn the telescope to Bight on the P. I. The angle for the first station 
point beyond the B.C. will now be 0° 0' 0" and all snbfleqnent station 
points will be determined by a simple angle. 

Example. — If a 4° cnrve to the r^ht is being set out and the first 
chain point is 20 feet past the B.C., the deflection ai^le for this point is 
^ X 2° = 24'. Set 859° 86' on the vernier instead of 0° O' and direct 
the telescope to the P.I., then the angles for the station points beyond 
the B.C. will be 0° 0', 2° 0', 4° 0', 6° 0', etc, which are qnicklj and 
easily set out on the vernier. 



Othbb Methods of Sbttino out Cubves 

If it is neceasary to set out a carve without using a transit, one of 
the following methods may be adopted ; — 

I. By TEingent OffsBts.— Fig. 33 shows a curve whose B.O. is iri) 
chainage 101 + 25, the sabsequent chain points round the curve are 
102 -|- 00, marked 2 in figure, 103 marked 3, etc. 

The problem is to calculate the lengths of the abecieste along the 
tangent B.O. a, b, c, d, and the ordinates at these points to fix the chain 
points on the carve. 

The chord length from the B.C. to 2 is 75 feet. 

.-. the absciesa of 2 on the tangent B.Ca = 75 cos ('TS— las ("U')*' 
the angle for 100-foot chord, D° being the degree of the curve. 
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Similarly the ordinate o2 = 75 Bin f -75 k) 

Again, the portion of abscissa a(> = b,2 = 2 S coe (^ S 3) = 100 cos 

Bnt the angle &, 2 3 = angles b^ 2L + L2J + J 2 8. 
= angle oB.C. 2 + itB.O. 2 + g 

In Fig. 33, bi 2, and c, 3, are parallel to snbtangent B.G. e, 2L is the 
chord B.C. 2 prodnced, A2J is tangent at 3, and J3K tMigeot at 3, 
and SH is the chord 2 3 prodnced. 



Himilarif it can be seen that angle «, 3 4 = -75D + |D. 



if ^ 



\C 



Thus the following valaes can be obtained for the abecissffi of 
2, 8, 4, 6, etc. :— 

B.Cji = 76 cos (-75 j) 

B.O.S-75ooe(-75")+100co«(-75 1) + j) 

B.C.« = 7.1 oo« (-75 ") + loo[co«(-76 D + ^) + an (-75 D + §D)] 

B.Cff = 76 CO. ( -76 ") + 10o[eo!(-76 D 4. ") + coe (-75 D + |D) 

+ C0«C-76D+|D)1 
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And the oidinat«8 taking a similar ferm are oa follows : — 

a2 = 75 Bin (-75 ^J 

b& = 75 ein (■^*^) + 100 Bin ("75 D + g) 

ci = 75 sin (-75^) + 100 [sin ("75 D + J) + sin (-76 D + 3D)1 

rfS = 75 sin (■7-'''^) + 10o[Bin(-75 ^ + 2) + ^'° C'^ ^ + 5^*) 

+ ein (-75 D + fD)l 

Tliese results of this example are equivalent to general expressions 
for tangent offsets, and can be written in a mnch simpler form if even 
chainage is taken at the B.C. 

JTo Find the Offsets by the Method of Versines.— If it was only 
necessary to find the offsets, or ordinate^, withont finding the ahecisste, 
this could be done much more easily by calculating tha vereines for the 
double arcs. See Fig, 34. 

Thus the first offset a2 = B.0.2i which is the middle ordinate for 
chord 2g2. 

ThU middle ordinate B.C.2, = R vers (-75 1>) = o2. 
Similarly „ „ B.O.S, = R vers (-75 1) + D) = 63. 
In this way all the ordinates can be obtained. 



When the abscisssa and ordinates have been calculated for each point 
on the curve, the work of setting out the curve in the "field " is straight- 
forward. But care is required to ensure that the offsets, especially the 
long ones, are accurately at right angles to the tangent at the abscissae 
points. 

II. By Middle Ofhets or VersIneB. — The following example will 
show the working of this method. The first point lo be fonnd is 2 
(Fig. 35). If the external offset 2h(= B exsec.) be calculated, and set 
off by a square offset from a point 75 feet from B.C. along the tangent, 
it fixes 2 very accurately, the external offset being small ; in this case 
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even for a 10° curve it is less than 15 incheB. Point 2 shonld be 
checked for position hy seeing that length B.C.2 is 75 feet. 

Next a-2 is calculated, it is equal to R vers (*75 D), and the doable 
chord B.C^ = 2 R sin ("75 D). 

The measuriDg chord is then stretched ont from B.G. in a straight 
line, and its centre point is kept at a distance a2 from 2, then the 
point X is fixed by the extremity of the chord. 

In order to fix 8 extend the chord B.Cax to S,, making aS, = 100 feet, 
- a. / B-0-8, X S,iB 175 X 25\ _. , , ^. 
and set off offset 3j 3 i = gp ' - or — ^g — J. Then check the 

position of 8 by measuring from 2 to 8, thiB should be 100 feet. 

The rest of the cnrve is simply set out by calculating the chord for 
two chain points (e.ff. 2 4), and the middle offset {e.g. bS). The chord 



is strained from 2, and its middle point is fixed at distance 63 from 3, 
the second half of the chord being fiKed accnrately in line vith the first 
half. The extremity of the chord is then at point 4. 

Similarly, by straining this chord from 3, and keeping its middle 
point at distance b$ or ci to the r^ht of pomt 4, the next point 5 is 
fixed. 

This method of setting ont a cnrve most be carried ont with minute 
accuracy, as errors are accumulative and magnified. On this account 
it is not recommended except for fixing one or two station points. 

Problem in Railway CuFves.— It sometimes becomes necessary to 
find the radius or degree of a curve which will be tangent to two 
sbraights, and also pass through a given point. (That is to say, a 
tying point frequently occurs upon a curve.) 

AG and BG are tangents, and P the point through which curve mnst 
pass, PD and P£ are perpendiculars on tangents (Fig. 86). P and C 
are fixed points .'. PO can be measured, also angles PGA and FG£ 
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. . ?D and PE are known, being respectively equal to PC sin PCA, and 
PC <in PCE. 

Bat PD = AF, and PE = B8. 

AIbo AF = R vera AOP = R vers {i a + <»). where a = angle COP, 

and BG B R v«n POB = R Ten <i^ A - 4 



^y li 



Fia. ae. 

■ ■ K veS(iA^ a) - P-E = ^ (' '»»"' ""°'- 
. l-co«(i A+a) „ <«in '}aA + ») _ „, . iinHiA + » ) 
•1-co.aA-a) «Bin'J(4A-.)" •■BnUiA-.)" 

. K + 1 _ Bin i (jA + -) + Bin t (jA - ») 
"K-1 »in4aA + »)-«ini(JA-a) 
_ ZainjAcoBja 
ScoaJABinJa 

.'. tan ^o = Tr , i • tan iA (a known qnantitj) 
■'. a hae been fonnd. 
But R Tere (JA + «) = PD. 

PD 



. K- 



verstJA + i) 



(which is known). 
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COMPOTJHD CDaVBS 

Compound curves can be used very elTectivel; at times npon rail- 
waja in any pofdtione, bnt in moontainous legionB their uses are often 
imperatiTB. 

Elements of a Componnd Canre. — The following give the 
principal data from which most problems can be solved :— 

Fig. 37 shows two arcs of circles of different radii, AB and BO, 




Fia. 37. 

having a common tangent at B, the JO, or juHcium of curves. AB 
haB a rading B, and centre at 0„ and EC a radioB Bs and centre On 
AP (or T,) is the tangent at A, and CP (or T^) the tangent at C. 
Theee intersect at P with external angle A- 

Drop perpendiculars AE and 0,F on CP, and AK on OjF, and 
coDtiniie arc AB with radius E, to intersect OiP in D. Drop DG per- 
pendicnlar on 0,0, and draw DH parallel to BO,. 
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Draw common tangent LBM. 

Join BO. This line poBses tbroagh D because A'BOiD and BO,C 
are Bimilar. 

Angle FLB = angle AO^B = a,, also angle PUB = angleBOsO = a,. 

Now AE = KF = KD + DF = KD + QC. Bat AE = Tj sin A, 
and KD = Ri vera A, and QC = {R, - Ri) vers o„ becaoae DH = 0,0, 
= Rs - R,. 

•■^/ain A = Ri ve« A + (E» - RJ Tera a, (a) 

It may be shown similarly that — 

T,ain A = R«TetB A - (B« - Ri) vera o, (f>) 

These two eqaatioiu, together with a, -f- ot = A (<^) Bhoald enable 
the solution of every ordinary soluble problem in compoond cnrvea to 
be arrived at. 

For example, two tangents intersect externally at an angle of 20°, 
and it is intended to insert two carves of 6° and 4° carvatnre reapec- 
tively, starting at a B.C. at known distance T, from F the intersection 
point. Here we require to find T^, a, aod og, the known qaantities 
being T„ A, Ri and R^ 

In eqn. (a) everything is known except a^, which is therefore found 
and aabstitnted in eqn. (c) when a, ia found, and this being sabstitnted 
in (b) T, is found. 

Setting OQt the Compoond Gofyb. — Therefore in setting ont 
this compoond curve start with the transit at the known B.C., and set 

ont as many chain points on the 6° cnrve as are given by 4r by the 

ordinary method of " setting out " a simple circnlar curve, inclndiag 
any fractional part of a chain as may exist at the beginning and end 
of the cnrve to make tJie chainage at the chain points even. Then 
having tixed B (the J.C.) set np the instrument at this point, and turn 
the vernier to read zero on the conmion tangent at the J.G. Then 

4° gi^^ the number of chain lengths in the second part of the curve, 

which is now set out by deflection angles from the J.G., like any 
circular curve. The final point C or E.C shonld agree with this point, 
which was fixed at the distance Tj from the intersection point (j»). 

Limitations of tha Cnrve. — It is obvious that if B.G. or Ti ia 
fixed, the selection of radii or degrees for the curves is not entirely 
optional. For instance, if Tj is greater tiian or even equal to the snb- 
tangente of a simple 4" cnrve connecting these intersecting tangents, 
no compound curve of 1° and 6° (or any other degree greater than 4°) 
will be possible, as the componnd curve started from the B.G. is too 
sharp to ever reach the other tangent. In the same wa;, if Tj was lesa 
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bh&a or equal to the aabtangent of a simple 6° curve ased to connect 
these tangents, snob & componad cnrre started at the B.G. would be 
bound to cut the other tangent, bo no tangent point could be found. 
Thus it is quite evident that Ti must have a value between that of the 
sabtangents corresponding to the simple carves of which the compound 
curve is composed. 

Oeaepal Praotioal Problem. — A general type of problem which 
can be made use of for solving a number of problemB met with in the 
field is the following : — 

It is found necessary to alter the direction of one of the straights 
or tangents, which are connected by a carve of radius Bj, see Fig. 38. 




Fio. 88. 

This tangent F,D] is altered to the position P2O making anv angle 0, 
with the original tangent at point E. It is decided to preserve a 
portion of the existing curve, and compound it with another curve- 
Now, £ is the point about which the second subtangent is rotated 
through angle 6, which can be measured on the ground 

••■ Aa = Ai + * = known. Point Pg is also known. 
Drop a perpendicular from 0] on new tangent PgO meeting it at 
point F, and extend original curve ABD^ to cnt this perpendicular 
in Dg. Then the tangent at this point D2P'2 is parallel to OP^ 
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Let DgQ- be drown parallel to O2O1B, and the arc DgG be drawn 
in with Q as centre. 

Then LF = perpendicular diatance of Dj from new tangent P^C 
= DjE . Bin 0, where D^E can be meaanred on the ground. But 
LF = LDg + HO = LD2 + a = Ri vera tf + (Rj - Rj) vera o,. 
.-. DjE sin fl = Ri vers fl + (Rj - R^ vera o, (d) 

In this equation R2 + Oj are unknown. But either Rg or the J.O. 
(ie. point B) mast be given, and the latter gives oj. .-. the value of 
B« can be found by {d). 

Oeometrically, if J.C. is fixed, the stroiglit line joining it to D^ 
intersects P^E in C, the tangent point of carve R^. 

Thus each solution depends upon the selection of a Baitable radios, 
or if the J.C. is fixed the radius Rg can be calculated from equation (a). 

Flattening the Enda of a CoFTe.— It is sometimes desirable to 
flatten the ends of a curve (R), as ABO in Fig. 39, hj compounding it 
with curves of a larger radina (Rg) BF and HE. This can only be 
done by moving the curve in to such a position as DFGH along the 
line PO. Thus moving its centre to a new point Oi. Then new 
portions of curve will be strack from two centres Og and O'g 
symmetrically placed with respect to the line PO^ produced. 

When curve Rj ia moved to its new position, A moves to D and to 
Oi- .'. AD is parallel and eqnal to OOj. If F be the J.C. for the new 
and old carves, the straight line joining FD will pass through E the 
tangent point or new B.O. This ia evident because the A' EOjF and 
T)OjF are similar. Also, if I) L be drawn parallel to F0]0£. 

DL = ET, = Re - Ri 
.-. ND = EQ = (Rj - Rj) vera oj 
Bat ND = AD COS 4A = 00^ cos JA 
.■• (Rj, - Ri) vera Oj = OOi coa JA- ... (e) 

Also a, + oa = ^ (/) 

Therefore, if it is decided what the amount of B^ shall be, and it 
ia immaterial how far back along the tangent the B.O. at E occurs, the 
position of F (the J.O.) can be placed so as to give a sufficient length 
FH of the original curve to enanre amooth mnning. Then F fires the 
position of E as the straight line FD cuts the tangent in K A farther 
variation iu F and E can be effected by altering the amount the curve 
is moved in 00^ or AD. But in the ordinary course if Oj is fixed to 
ensure FQ being large enough, a^ is known, see (/). Therefore, 00^ 
ia fixed by (e). Therefore, B the new B.O. is found because 

AE = DQ + AN = (Rj ~ Rj) sin og + OOi sin JA ■ (?) 
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SUPKttSLBVATION OB CaNT OP THE OUTER RaIL OS ClJIlVBS 
The centrifugal acceleration of any mass dne to motion in a circular 
path is equal to — where v is its velocity in feet per second, g is the 
acceleration dne to gravity, and r is the radins of the curve in feet. 

This force, vhich varies as the square of the velocity, and inversely 
as the radins, cannot be resisted with safety by the flanges of the wheels 




alone in railway traction, owing to the risk of derailment, but is fnrther 
connteraoted by canting the rails. This canting or elevating of the 
oator r^l on a cnrve has the effect of throwing more of the weight 
npon the inner rail. The moment of thts weight about a point midway 
between the rails wilt eqoal the moment of the centrifugal force abont 
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the same point (thos enBoriiig that the resultant of tbese two forceB 
passes through this point) provided the correct anperclevation has been 
need in laying the rails. Now the raising of one rail, eay the left, 
above the level of the other, canses the centre of gravity of the mass 
moving on them to be displaced to the right throngh an angle eqaal to 
the angle of elevation of the outer rail above the inner one. Bnt the 
tangent of this angle is the ratio of the centrifngsl force to the weight 

gr G 

where W is the weight, S the superelevation, and fl the gange or more 
accnrately the distance between the centres of rails. 



rbyR 

(chains radins flfi-foot chain) .■. r s= (56 R, and g be given the value 32 
and G 5'0, which is safficiGntly approximate. 

Th^"S=0iC0.ir3:;^oi<.ICR=''''''*"«26^feet . . . (A) 
= -ftCllll^ finches . . (S) 
When the cnrvatnrc is given in d^rees, and the radius in 100-foot 
chains, using - ^^- for R, the valae of S is given as follows : — 

S = 000704 V«D inches (ft) 

In the above has been put at S feet ; this is a little excessive, the 
overall meaaurcment of the rails being 5' 2", and tlic inside meaenrement 

Since the superelevation varies as the square of the velocity, at high 
velocities it is liable to be large. Thus for a 60-mile velocity on a 
SO-chain curve, the superelevation is aa much as 7'3". Bat even as 
mncb as 10" may be necessary in the case of high speed round a sharp 
curve. However, the objections to running at high speeds on sharp 
curves are great, and it is seldom necessary to adopt a greater cast 
than 6". 

BdIqb tor Detflrminlng SoperelaTstlon.— A very useful formula 
for determining the cant is the following -.— 

Cant in incliea = C^^'- '° "''*' ^ per hour)' x (gange in feet) 
i-25 (radius in feet) 
Many simple rnlea have been adopted for fixing the amount of super- 
elevation. One, which has proved very useful, and has been much used 
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in America, is that of elevating one inch for each degree of cnrratnre. 
This is about the correct cant for a 1 degree corve when the Telocity is 
38 miles per honr. 

A somewhat similar rule is need by the Oanadiao Pacific Railn^y 
for their main lines : — 

(a) Main lines. — The elevation most be one inch per d^ree with 
one inch additiooal ap to five inches, which is the mazimam elevation 
given. 

(i) Branch lines. — The elevation mnst be one-half inch per degree, 
with one inch additional up to five inches, which will be the maximnm 
elevation ased. 

Thns in the case of the main line the superelevation for a 4° curve 
ia 5 inches, which corresponds to a velocity of aboat 42 miles per honr. 

On p. 257, particnlars are given with regard to British practice 
in the case of gnperelevation. Fig. 123, p, 257, gives the usual anper- 
elevabion in laige black figures, and the more extreme limits, which can 
be adopted in special cases, in small black figures. 

The Tersine Method of Finding the Soperelevatioii from the 
GnFTatoFe of the Ball. — Various practical methods have been 
adopted for determining the amount of superelevation on the ground, 
but the most convenient method is that which makes use of the central 
chord offset, or the " versine " method, as it is commonly called. 

As a chord of constant length stretched between the inside of the 
head of the onter rail at two points, affords at its centre an oCbet 
which determines the curvature ; so inversely by varying the length of 
the chord according to the curvature it is possible to select it so that 
the middle offset shall equal the superelevation. This is possible, as the 
snperelevation is proportional to the degree of the curve. 

Now, if if be the offset at the centre of the chord, and I the length 
of the chord in feet — 

d X 2B = (- ) where R ia the radins in feet 

But if B be in chains aa in (A) — 

"'•'' '' = 66-8S 

Bu<> (f must equal tile BnpeTelevation, or S in equation (/i) — 
1 J^ 
«R' 
■.P = -0050026 X 06 X SV' 

•.F = g'OSV 

.. /=1'64V 
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ThnB we Bee whatever the cnmture may be the superelevation is 
determined by & chord which is directly proportional to the velocity. 
Thns a maximnm velocity of 60 miles per hour requires the chord 
I = 1-64 X 60 = 98-4 feet, whilst 40 miles per honr makes I =• 65*6 
feet. Therefore equation (0 supplies the length of any chord whose 
middle ordinate, when measured, gives the correct superelevation. 
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CHAPTER VIII 

TRANSITION CURVES 

Irrtgalxp Motion upon ipproaohin^ and LeaYlng a Clrcnlap 
Cone. — Railways have always made use of circular cnrves to connect 
their tangents or portions of straight line, in spite of the fact that the 
sndden change from motion in a straight to that in a circular path has 
long been recognized as objectionable, both from the point of view of 
safety, of comfort to passengers, and also of resistance to banling. 
Also the superelevation, which is needed on circular curved, requires to 
attain its maximum valoe at the beginning of the curve. To make 
this posaible it is necessary to start gradually superelevating some 
distance back along the straight called the "run off." The motion, 
doe to this canting of the outer rail on the straight, is not satisfactory. 
The coach becomes tilted up on the side of the outer rail, the springs 
being depressed over the inner rail. But immediately upon passing the 
tangent point the centrifngal force causes the body of the coach to be 
thrown over to the other side, thns making much greater oscillations 
possible than those which conld have occurred without any super- 
elevation on the " run off." To obviate these difficulties, whilst at the 
same time preserving the full superelevation at all points of the circular 
carve, transition curves have been introduced upon all new railroads 
in course of construction ; and even in the ca-^e of long ^tablished 
roads attempts are being made constantly, and in most cases snccessf ally, 
to do so where bad running is known to exist. 

PpopertloB of the Tpansltlon Carre. — The property which the 
transition curve is required to possess is that at each point on it the 
superelevation shall be the correct one for the curvature at the point, 
assaming a fixed maximum speed for the trains. Thus a spiral, whose 
curvature ^rts from zero, and increases uniformly nntll it assumes the 
foil cmrature of the circular curve, will probably conform with this 
requirement as the superelevation will also start from zero at the 
beginning of the curve, and increase nniformty until tt assumes the 
full SDperelevatiOD necessary for the circular cnrve. Oq such curves, 
if correctly applied, the change in motion being very gradual, the 
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objoctiona or diBComfortg mentioned above are not experienoed. Again, 
if sapereleratjon was not possible on & certain portion of cnpve, the fact 
that the transition carve makes tlie effect of centrifugal force more 
gradnal snggeets a still more argent need for anch a cnrve in order bo 
minimize as much as possible the oscillatioDs apon entering the cnrve. 

The discomfort ' resulting from suddenly entering a coire from the 
straight is due both to the length of the wheel baae, and also the radial 
acceleration. If J bo the length of the wheel base in feet, *; the velocity 
in feet per sec., and r the radius of cnrvature in feet, then the time 
the vebicle takes to pass any point is ■ seconds, and the radial acceleni- 
tion is - . Therefore the rate of gain of acceleration for any one 
vehicle is — -j-- = -=. Tbns the sudden shock, or discomfort, is pro- 

portional to the cube of the velocity and inversely to the radiuB, and 
the length of the wheel base. Consequently at high speeds, say, over 
50 miles per hour, the discomfort is very much greater than that at low 
speeds, thus emphasizing the greater need for transition curves on flat 
carves, if not leas than 25 or 30 chains radius (or approximately 3° 30' or 
2° 64', with a 100-foot chord length) which are about the sharpest used 
for such high speeds- Now the rate of gain of acceleration is pro- 
portional to — , and this acceleration ought to be gained uniformly 
along the transition cnrve. Therefore the length of transition 
curve I must = . - , where C is a constant depending upon the 

maximam amount of oscillation to be tolerated. If be assumed 
equal to unity, a valae which has given very satisfactory results, 

/ = -; ; or if L is the length in chains, V the velocity in miles per 

hoar, and R the radius of the circular cnnrc in chains, this formula 
becomes — 

L = -00072428^ (1) 

A simplification of this formuU has been effected by assuming 
11 VE = T (maiimam) [a very cloae, practical approximation], and 
as the curves must be calculated for the highest velocities, subetituting 
this value in above equation (1) reduces it to the form L = 'Ofii^R, 
or if 11-13 VR is used for the maximum velocity, a change which is on 
the side of safety, the equation becomes L = V R (2), and gives a good 

' Sea paper by W. H. Shortt on the " Practical method tor the taprorement 
of existing railway onrTeH."^Jfin«(MD/Pn)ce<tKnji«, Inst. O.B.,vol.clncvi.,p. 99, 
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practical value for the length of transition cnrre. This gives very 
efficient traDBition corves for circnlar curves of less than 56*8 ch^na 
radinB, corresponding to 84 miles per hoar, about the maximum used on 
English railways. For greater radii the length of transition cnrve 
obtained is nnnecesaarilj long, and is beet obtained from eqnation (1), 
that IB, assuming a maximum speed of 84 miles per hour. 

It is necessar; for easy running that the total acceleration should 
be gained at a uniform rate along the transition curve. This being 
so, if it may be assumed that the speed remains constant, the accelera- 
tion is proportional to the reciprocal of the radins (- j. Therefore 

- most increase uniformly along the transition carve. Thus, if A be 

the length of any portion of a transition curve, and ~ the reciprocal 

of the radius of curvature at that point, - = EA where £ is a 
constant, also if r be the radins of the circular curve, and / the total 
length of the transition curve, - = Kl. Therefore the transition 

curve must satisfy the relation ~ = —i^- 

Equation of SpiFfU whioh satlsfleB the CoDditionB.' — A 
spiral whose equation is A = mt/ift (8) satisties this condition. Here 




m is a constant, ^ is the angle made with the tangent or straight AD, 
Cig. 40, by the tangent at the point B, B being at the distance X 
from the beginning of the cnrve A, measured along the curve. The 
equation is derived as follows ; — 

- = KA bcii^ the condition which must be satisfied, also — =rf^ 
. rfA_. J^ 
" dS," KX 
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Integrating thiB gives A = \/-^ + constant or A = m,i/<fi + con- 
HtaDt where m = */ j^. K and therefore m being coDstaDts. 

To find the value of the constaat. Ab A = when ^ = 0, the 
constant = 0. 

/. The equation ia A = mv'^ .... (8) 

Evolution of FormolSB. — At the end of the trauBition if ^ = a 
and X = l above equation (!)) gives / = mVo- 
/ 
■■■'« = Va 

Therefore equation of curve becomes A = ?»/-- . . . (i) 
also p = r when A = /. 

.■. another form of the equation is — 

A=,/2ri.V^ (5) 

Next referring the curve to Cartesian co-ordinates — 



dX 



:COS^ 



. (£e = COS ^A = 



^7?" 



Expanding cos ^ gives — 

Intograting this gires — 

" " 6g 9|4 13|6 ^ ) 



Agam ^. 



'. di/ = sin ^A = 



wjHin^ 



Expanding sin <p 



(6) 
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Integrating this givea — 

^- a ^ 7|8^11|5 15|7- 7- ■ ^'^ 

Aflgnmii^ ^ and higher powers negligible when <fi Ib small 
equation (6) beoomea — 

2 = m^>f> (8) 

and equation (7) — 

,=f . .^. . . . w 

.■.elimmatin|;^!,=|Q=^, . . .(10) 
This IB the equation of a cubic parabola. 

Tba Cnblo Parabola- — The cnbic parabola has been mach naed 
for tranaition ourvea, and co-ordinate tables for different varieties of 
cabic parabolas have bees prepared by Beveral anthora dealing with this 
enbject. However, it must be observed that the equation of the cubic 
parabola was derived from (6) and (7) by only making use of the first 
tenn in the series in each- Thus it is evident that ^ must be a small 
aogle, if the portion of the cubic parabola needed for a tnuuiitioD 
curve is to agree closely to that given hj X'=mi/^. However, on 
rwlwa; transitions ^ is generaUy small, and consequently the error is 
alight. 

In any cubic parabola the radios of curvature decreases by a com- 
plex law until ift = 24° 5' 41", when it reaches its minimum value, after 
which it begins to increase. Therefore beyond this limit it ia nnsnitable 
for transition cnrves. 

But it most also be observed that iu railway spirals if> rarely 
approaches a value even half that of the limit stated, namely, 24° 6' 41". 
Even in the extreme case of a g-chaln curve, where IJie degree of 
curvature is about 17° 26', the value of ^ is only about 13° 5', i.e. 
taking the length of transition = t/5 chains, or about 150 feet. 
However, although this simplifies the work in setting out spirals on 
the gronnd where the scale is natural, great care must be exercised in 
the Qse of the cnbic parabola in the office, if distorted scales are being 
nsed in order to magnify the changes in curvature. 

Tli« Cubic Transition Bplral.— Bat a curve which approximates 
more closely to that afforded by A =3 tny'^, has its equation derived by 
eliminating ^ between (3) and (9). 

Thus tf=|^B (9) 

X - mV* (8) 
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_ m A" ^ A* 

In the deriration of this eqoation the approximatiOQ of neglecting 
^1 occurred once, and that of n^locbing ^^ sot at »11. 

Bnt m = -,- and a = / 



^l 



(18> 



IB the eqnatiou of a carve very Bimilar to the cubic parahola, bnt 
following the cnrve of the original equation (A = mV^) much niOTe 
cloeely. Thiacurve, which shall be callud the " Cubic Transition Spiral," 
lias its offset at any point along the curve varying as the cabe of the 
length of the carve np to that point.i 

Pbofbbtibb of Traksitiok Spiral 
la Fig. 41 ACB is the transition spiral, BD t^e portion of the 
circular curve replaced, a the value of ^ for the end point of the curve 
and eqaal to the central angle of the circalar carve snbtended by the 
arcDB. 

From equation (5) A = ,/irl^^ 

.: ACB = I i= ^2rWa = ^ilra 
squaring gives ^ = 2lra .-, I = ira 

But ra = BD .-. I = 2BD (U) 



That is the transition curve is twice the length of the circular arc 
BD, C being the middle point of the carve (this is a very cloae approx.). 
Therefore for point putting 

I P l^ 

A = 5 in equation (18), gives y = j^^ ~ Jbt ~ ^ ^^^'^ 
Rna B P P 

B.tI>F-»^=„-,.»d.tB,, = ^^ = ;^ 

,.SD = BE-m = l-^^'^l' (16) 

* Here BD ia taken equal to 
the arc instead of the 
choi'd. 
> The complete equation giving y in tenuB al A may be derived bom (7) by 
BUbBtitoting ~, foe <p, and is 
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SD, which is called the "ehifb," is designated by the letter 3, and ii 
the mintinnin distance between the circnlar coire and the tangent oi 



straight. [JVofo. — In nsii^ fonnoia I = »Jr as BOggested on p. 134, 
3 beosmes constant and eqnal to ^ chains or 2' 9".] 

Bnt SG was shown to be eqnal to -^- Therefore SD is bisected by 

the spiral at G, and C is also the central point of the spiral. 

Again BE = J^ = 4.^^; = 4S (17) 




Now take any point P on the transition carve and join it to A by 
chord FA (Fig. 42), and let the angle FAB be 9. 
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bat the equation of the cnrve is of the form — 

.-. tan d = Snx^ = - ^ = 3 tan 9 
^ X 

.'. for small values o1 <ft,6 = \<f> 

.: angle APG or j8 = |^ = 2fl. 

The error due to raakinE thii MHumption ia imperceptible in all ardiiuu-7 
cased. For a 9-cIialn curve the spiral angle 9, for the laat point on the traneitioD, 
will haTO Ml error of 9 Beconiis, the error beiiig less for other iwinis on the cnrve. 
In the ease of a 5-chain curve, which is one of extremely sharp cnrTatuie, tha 
error at the end point of a transition curve 2^ chaioa long is 22 seconds. 

The true value of B deriTsd from the previous equations is given by— 



tan9 



-*-i.^. 



Again, by (13)Bnbatitating ^j for A at any point tJong the curve 
and letting the deflection angle at A be^i equation (18) b 



But for small Taloea of ^ — 

e,- Bine, -J 
■ ft -^ 1 = ^' 



(18) 



(19) 



Similarly for a second point — 

■ ?l = f^ 

■'«! h^ 

Thns, if Sn for tbe end point (B) of the transition lb known, 0a for 

any other point (A) on the curve is given bj 6x — -js On where the factor 

T is tbe fraction, A is of the whole length of the transition cnrve. 

Sbttino out thb Teansition Spiral by Dbflbctioh Anqles 

Trom above propertiea in setting ont transition spirals by deflection 
angles from tbe B.S. (beginning of spiral) the deflection angles vary as 
the squares of the lengths measured along the carve from the B.S. 
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Also for the E^. (end of the epiral), wbeie it joins the circnl&r 
cnrre — 

a-" =i 

.•.a=99=Y at point E.8. 

Therefore if it ia decided to set ont the spiral h; dividing it« total 
length I into any Dumher of eqnal partA say eight, and if the inBtrament 
is set op at A, the eight deflection angles meaanred from the tangent are 
fonnd as follows ; — 

Srnoe o = g,9j = >a = j-^ 

■■•«i = «s(«> 
«! = «!) =9.(1)' 
«. = ».(!)' 

Thns the operation of calcnlating the deflection angle for any 
point on the onire can be eaaily and rapidly performed in the field 
{S I 

wibbont the need of any ofhet tables, as 0w = ^, = ^ , which can be 
detennined immediately the length of the transition ia decided npon. 
Consequently, the operation of setting oat the cnbic transition spiral by 
deflection angles from the spiral tangent point is as simple as setting 
ont the ordinary ciicnlar cnrve by deflection angles. 

Example. — If a transition spiral is required to connect a straight 
with a SG-chaia curve, the degree of this cnrve for 100-foot chord 
length is S" 28' 20". 

Taking the length of transition ^ t/'BL, gives 1 = 5 chains. 

Now a = 2^ = ^ = -l 

.-. a" = -1 X 57-8'' = 5-73° = 6" iff 48" 
.-. 9 (for the E.S.) = ^a = 1° 54' 36" 

If the points on the spiral are pnt in at every half-chain there will 
bo 10 deflection angles as follows : — 

^1 = (1° 54' 36")(A)* = 1' 8-76" 
02 = (1° 54' bG")l\y = i' 35-0" 
e, = (1" 54' 36")(,^)i! = 10' 18-84" 
04 = (1° 64' 36"XS)* = 18' 20-16" 

similarly, the renuinJng angles are i& 39", 41' 15-36", 56' 9-24", 

1° 13' 20-64", 1° 32" 49-66", and 1" 64' 86", 
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Setting oDt the Spiral by Defleotion Angles from the " End 
of Spiral" — It iB freqaently fonnd convenient to set out a portion or 
all of the tranaition cnrve by deflection angles from the E.S. (end of 
spiral), points od Fig. 41, and it maj beobserved (see p. 114) that the 
spiral curve deviates from the circalar curve at the same rate per length 
of spiral, measured from B, as it does from the tangent AE per length 
of spiral measured from A. Therefore, the set of deflection angles 
prepared for setting out the spiral from point A, may be used for 
setting out from point B, by deducting each in turn from the corre- 
sponding angle for the circular cnrve. Thus in the previons example, 
in the case of a 25-chain carve, the deScction angles for half-cl^iri 
points on the circular carve are as follows : — 



.*. !i4'22-5''= deflection angle for half-chain chord. 

Therefore the deflection anglee to the 10 points on the spiral are 
given by Table X. 

TABLE X. 





1. 


X 


ai 




DtBttioDiagltB 








UngcDt « II h> 




DIBknDW bMwgcn 




'■"^T^lr5.3" 














on (I 131. 


"»«h.b>q>lnL 




raiKt. 






1 


B4' 22-6" 


1' 8-76" 


88' 18-74' 




3 


1° 8' 45" 


4' 86 0" 


r 4'10-00' 




3 


1°48' 7-6" 


IC 18-84" 


1° 32- 48-86' 




4 


2- 17' SO" 


18' 30-16" 


1-69' 9-84' 




G 


2° 61' 52-6" 


28' 89" 


3° 28- 18-60' 




6 


8° 96' 16" 


41' 16-36" 


2° 44' 59-64' 




7 


4''00'37-fi" 


66' 9-34" 


3" 4' 28-26' 




8 


4° 36' 00" 


1° 18' 20-64" 


3° 21' 89-36' 




9 


6" 9' 23-6" 


1° 82' 49-66" 


8° SV 83-94' 




10 


6= 48' 46" 


1' 64' 86" 


3- 49- 9-00" 



It may be observed that the last ai^le 8° 49' 9", which is the angle 
which must be deflected from the tangent at B in order to sight on A, 
when divided by 2 («^. 1° 54' 84-5'') is equal to the angle deflected 
from the tangent at A in order to sight on B. The slight discrepancy 
of 1-5" between 84-&" and S6", idiich would not be perceptible in the 
field, is dne to the approximate method of finding the value of a on 
p. 131. 

Setting oat Spiral by Deflection Angles from any Inter 
mediate Point. — In the event of its being impossible to set out the 
whole transition cnrve with the transit set at the B.S. or at the E.S., it 
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will become necessary to net the inatrament at some intermediate point 
on tlie spiral, when the problem of finding the deflection angles will 
ariae. In the transition spiral the degree of curvature increaaes 
uniformly with the distance measured aJong' the carve. Therefore the 
degree of curvature at any chord point along the curve is easily 
calculated by dividing the number of chords up to the point by the 
total number of chords in the spiral and multiplying by the degree of 
the circular curve. 

In Fig. 43 KQL ia the circular carve of the same degree of 
curvatare as the portion of the spiral at G, HG being the common 




tangent to both curves. But the spiral will deviate from the circular 
curve at the same rate per length measured from G as it does from the 
tangent AH per length measured from A (see p. 144), Thei^fore 
the angle which must be deflected from the tangent by the instrament 
at G in order to locate any point beyond G is the sum of the deflt-ction 
angle to the corresponding point on the circular curve K<JL, and the 
spiral deflection angle at A for the same chord length measured from 
A. Again, in locating points between O aud A the difference instead of 
the Bom of these deflection angles is taken. 

Example. — Thus in the previous czatnple if it is decided to set the 
instrument at point 7 the degree of curvature at this point 

= T^ X degree of carvature of 25-chain curve 
= 1^ X (2'' 17' 30")* = 1° 86' 15" 



■ Note I The degree of ourvaturo here is aseamed to be the central k 
Bnbteiided hy a 66-foot chord. 
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Therefore the deflection angle for J-chain length = { (1° 36' 15") or 
24" 4" approzimatelf. 

Therefore the deflection angles required to fix points 8, 9, 10, 6, 5 
and 4 are found in Table XI. 



TA.6LB SI. 



1. 


a. 


a. 


4. 


S. 


■t 


To right™. 


Aagie betwfm 
UDgrntudpolot 
OB clRBhr com. 


IMItcU(Hiulc»U 


JSff^, 


T 


I at7 / 


If V 0" 


ff- O* 0" 


0° C 0" 


T 




24' 4" 


1' 9" 


22" 66" 


7 


e 


«' 8" 


4' 86" 


Wm" 


7 


4 
Sighting oppo. 


1' ly 13" 


10- 19" 


V I'SS" 


7 


■ita wftjr along 


0° (r 0" 


0" 0- 0" 


0» C 0" 


7 


tangant 


34' 4" 


1' 9" 


26' 18" 


7 


9 


48* 8" 


4' 86" 


62-48" 


7 


10 


1" 12* 12" 


10-19" 


V as* 81" 



In Older to set the instmment to read zero angle on the tangent at 
Uie point (7), i.e. along 6H in figure, it mnat be remembered that the 
angle AQH = twice the angle OAH. 

Therefore on the inatrament set up at G set the Ternier to read 
twice the angle GAH and transiting the telescope make it sight upon 
point A, then clamp the lower limb and make a fine adjustment ; then 
noclamping the vernier plate set it to read 0° 0' 0" when the telescope 
will sight along the tangent at G and the deflection angles to the spinl 
can be set off directl;. 

Exampla vhere CarTatnre is given in Degnes instead of 
Chains Radios, — It most be observed that whether the circular curve 
is given in degrees or chains radius the problem of connecting it and 
the tangent by a suitable transition curve is the same. 

Thns, for example, to connect a i" cnrve with a tangent, if the 
length of transition is not already fixed, it maj be found as before by 

Wdz* tor it the ™l«e VK or ^(£>^, X i)=^/(:ij5i|^e) 
which gives / = 4-66 chains, also R = 217 chains. 

The rest of the operation is as previonslj described. In this case 
the spiral might be set oat by taking seven equal chain lengths 
of f chain or 44 feet, bat in that case the centre point of spiral (C) 
would not be fixed on the gronnd. If the point is required it will 
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oocnr at the end of the Beventh chord where the chord lengths are 
taken as 22 feet. (If fonod more conrenieiit any other namber of 
chord lengths, as 8 or 10, for fixing the 4*66 chains may be need.) 

Thns, again, it is unneceesarj to be provided with special tables of 
angles in order to set ont the transition spiral by deflection angles, as 
the operation of calcnlating the angles is a simple matter. In the case 
of locating a new road it is preferable generally to set ont the spirals 
by deflection angles ; on the other hand, where existing roads require 
altering into a spiral cnrve, ofFBeta are more convenient bat are 
generally measured from the existing rail This work will be dealt 
with later, 

Tha Case where the Shift is Constant.— Where the length of 
the spiral is determined by extracting the square root of the radins of 
cnrratnre of the circular curve, it may be noticed that the shift becomes 
constant. 

Thus taking i s= V ("e p. 124), and as 8 (the shift) = ^^ 
(see (16)), sabstitnting in the second equation the value of / from the 
first we have S = st- = ^ of a cJiain. 

This Taloe = ^ x 66 = 2' 9", and will be cotutant for all cases 
where I is assumed equal to ,/r. 

However, the assumption that / = ^r ia neither economical nor 
suitable for curves of higher radius than 54'3 chains. In that case 
equation (1) (p. 124) must be used to determine L. 

Assuming the maximum velocity to be 82 miles per hour this 

formula becomes L = — ^ — which determines the value of L, which 
vhen substituted in eqnatlon (16) (p. 128) gives the value of S. 

Sbttihg odt CimvEB by Offsets 

In all new work it is simpler and more satisfactory to set out 
transition cnrves by deflection angles if the carve lends iteelf to that 
method. But in the case of existing lines, which it is intended to 
improve, especially where there is much traffic, it is found more con- 
venienb to set out transition curves by offsets. For the cubic parabola 
these are to be found in tables for a large variety of curves, giving the 
lengths along the tangent and the corresponding square offsets, and as 
the cubic parabola approximates very closely to the cubic transition 
spiral for small values of ^, these tables may be used in most cases. 
Bnt it is not essential to use the cubic parabola for this purpose, as 

the equation I y = ^, j of the transition spiral will give the offsets 
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is relation to definite lengths meaaoied aloQg the cnrve, with which 
data the cnrve is easily ran in. on the ground by " setting oat " with a 
wooden sqnare and eliding it along the tangent line with the required 
ofTiet marked on it b; an arrow or pin sticking in it. B; eliding thia 
until the cbainage agrees with the arrow, ihe required point can be 
fonnd on the ground and accnratel; fixed b; testing the tneasarementa 
a second time before moving on to the next point. If it shoold be 
desired to fix pegs along the tangent for fotore testing of the road for 
alignment by offset meaanremeota, these points can be fixed at the same 
time aa the points along the transition cnrve. If it is decided to do the 
work of setting ont with offsets bj using the absciasee along the tangent, 
these can be determined for each point by x = ^ (A* — y^) and a table 
of them prepared in the office before going on the ground. 

For offset work the values of y are most easily determined from 

the shift (qTi) which is one-quarter of the end offset, and as the 

equation of the curve gives the offsets varying as the cube of the 

distance, y for any point, say J point on the cnrve is given by 

y = a)»48. 

Note ! It is only necessary to calculate the offsets of the cnrve 

beyond the shift, as the same offsets can be used for the second half of 

the spiral by measuring from the circular curve instead of the tangent. 

However, it is not always convenient to do this, as it involves fizii^ 

the end E.S. (end of spiral) and the other corresponding points on the 

circular curve. 

There are two principal methods of doing this — 

(a) by setting out the curve completely by tangent offsets, and 

(6) by setting ont the first half of the curve, from the P.S, to the 

shift by tangent offsets, and the second half by offsets from the 

circtdar curve. 

Case K. — Since equation (10) shows y to be proportional to i^, we 

only need to find the value of BE equation (17) or the end offset of the 

curve which is equal to 4S, and therefore known, and all the offsets to 

the curve are fonnd as follows : — 

Assuming the curve to be divided into 8 equal parts — 

Offset 1 or yi = 4S(i)s = ^S 

„ 2 „ yj = 4S(i)= = ^ 

ys = ISC^)" = i^S 

Pt = 4S(i)3 = iS 

ys = 48(1)3 = 12|S 

!/« = imy = fis 
1/7 = i^iir = m» 

^8 = 4S(1)8 = 4S 
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In the field if the same leDgthe into which the spiral is sabdivided 
be set off bj marks along the tangent and the offsets measured from 
these marks, no appreciable ioaccoracy will occur {vovided in pnttin}^ 
in the station points the correct chainage is carefully maintained along 
the curve. This will only have the effect of pulling the end offsets a 
little away from the rectangular direction to the tangent, but not 
materially affecting the true positions of the points on the spiral. Bow 
little this is likely to affect results may be gathered from the fact that 
a spiral 300 feet long approaching a 7° curve (or one of 12'4 chains 
radius) has the correct point on the tangent from which the end offset 
(4S) abonld be measured at 299 feet instead of SOO feet from the B.S., 
the offset being 18*26 feet. [300 feet is long for a spiral to a 12-4 
chain corve.] 

CasB B. — In this case offsets only require to be calcnlaled for half 
the spiral or as far as the shift, the same offsets being used at equal 




distances from the £.S. along the circalar carve to determine the second 
half of the spiral back to the shift. This method is not so convenient 
for Betting out the spiral on the ground, aa it required the £.S. to be 
found on the circular curve and also the corresponding points at each 
offset on the circular curve. However, in preparing a spiral in the 
office this method is most useful and is performed as follows : — 

The tangent ASL is first plotted, and at any point S a line drawn 
perpendicular to it (Fig. 44). 

On thU set off SD = shift and bisect SD in 0, produce SD to O 
making DO = radius of circular curve. Then with as centre and 
OD as radius draw circle DB. Now taking the half length of transi- 
tion with a pair of compasses and placing the leg at C roughly locate 
the positions of A and B. Now sketch lightly in pencil the probable 
position of the spiral and measure iU length from C by short divisions 
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with a pair of dividen, half towards A and half towards B. In thie 
way fix the actnal poaitioDs of A and B, and divide the sketched cnrve 
AC into as many equal parts as half the nnmber of offsets taken ; also 
GB into the same nnmber of equal parts. The ttne position of the 
spiral is now fouod by measuring the offsets at each point of the 
sketched carve and correcting tbem by the calculated offsets. This 
operation is a very simple one and can be done quite quickly. 

The curve is generally traced then and used as a trial spir&l for 
improving some special portion of track. 



FiBLD Pkoblkhs in Sbttiho Out Trahsition Gubvbb 

In location work it is usual when the positions of the straights or 
tangents are p^ged out on the ground to run in the drcolar carves. 




Thus in Fig. 45, I is intersection of tangents, and HKQ, the circuUr 
curve with centre O,. 

As It is rarely possible to alter the positions of the tangents, the 
circular curve HKH, must be moved into such a position as DBL in 
order to enable a spiral (ACB) to be connected with it. But as both ends 
of this circular carve will need spiralling it must be shifted symmetri- 
cally with respect to both tangents. Therefore the centre of the circle 
(0,) must be moved back along the line (0,1), bisecting the angle 
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between the tangeots. Thia hue the effect of moving the circle into 
a position equally distant from both tangonts- 

Let be the new poeition of Oi and I) the point corresponding 
to H. Then if the tangent to the circle at D was drawn, it would be 
parallel to AHI. When the length of spiral is decided upon, the shift 
SO IB calcalated. It then becomes necesaary to find the points A and S 
by measnrementB back from I, 

IH the Babtaugent to the circnlar corre is known = r tan iS, also 
SD the shift = S, therefore SIl = 8 tan i^ as HD is parallel to 10. 

Therefore IS = r tan JS + S tan 48 and AI = ^ + (r + S) tan JS as 

AS = AC approximately. Now that A is determined the spiral may 
be set ont completely by defiection angles (or by tangent offsets). 
And thoH having found B set the instrument oyer it and with twice 
the defiection angle (20) which was nsed at A to sight on B, set by 
the vernier, sight back on point A and clamp the lower limb. Now 
release the Temier plate and set it back to 0° 0' 0" when the line of 
sight will be along the common tangent to the spiral and the circular 
curve at point B. The rest of the circular curve can now be set out 
by deflection angles from this point, in the usual way, its length BLBj 
being equal to HKHi (already known for the circolar curve) less the 
length of the transition spiral (AH). Thus point B^ is found, and 
by setting the same deflection angle on the instrament at Bi but on 
the opposite side of the zero, to observe B as was set at B to find 
Bi and then releasing the vernier to read 0° 0' 0"the line of sight will 
be along the tangent at B,. Now by deflecting the line of s^ht 
through 26 the telescope should sight upon point A,, which point could 
previously have been fixed by measuring lAi = lA, thus affording a 
good check upon the work. It is sometimes advisable to fix points 
D and D, when the instrument is set at point B or Bi. But it is 
unnecessary to chain along the circular curve to fix the points, as they 
may be determined by putting them upon the lines SO or SiC, produced 
whilst observing with the correot defiection angles. These points also 
afford a useful check upon the accaracy of the work in setting out the 
spiral, as SO should equal CD. The second spii-al BidAi can be set out 
by deflection angles from point B, or from point Ai as previously shown. 

Tbansitioh Curves Connsotihi} Two Cibculae CuavEa 

Take the case of two curves turning in the same direction. In order to Bolve 
this problem it ia necessary to lind Bi relation connecting the radii of carvature 
at two points on the transition spiral with the lens^h of carve between them. 
From equation of spiral (3) (p. 126) A = mt/4> i^'"' tlierefore 
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.*, (b fig. M) if r, And r, are radii of currature at B, and 61 raapactively, then 

Similarly it may be shown that ^m + V"! = -2^ r~~' 
,*. taking the product of this equation with (tX 

"' - - - 4rA." 

• a - „ „ - "''^'''* --'"i"' 
..a-a -a._ ^. , 




Fia. 46. 

But if ^1 = length of spiral AB, and f, = AB„ tlien I the portion of curve 
betwMn Bi and B, = li ~ It, also from equation (c) l, = m^/at and 



I = I. - I, = m(V«, - V<^) = 



2r,r, 
■ ° =?A±£> ^ = 2r,T-, 

' • i 'irtTt " « »■» + »■,' 
which is a relation between the radii of curvature at points B, and B, in terms 
of the length of spiral between the points and the angle through which the curve 
hoD turned in that length. 

In Fig. 46, oi and o, are much larger than those which occur in practice. 

Now, if DB,, in Fig. 47, be circular curve with centre 0, and B,S circular 
curve with centre 0„ which it is desired to connect by spiml B,CBi, and if the 
centres 0, and 0, be joined and produced to intersect the circles in D and S, 
then US — S, the shift of the circles being the shortest distance between the 
curves. 

In the case of compound curves, where two cnrves of diBerent radii join at 
their common tangent point, their centres of curvatnre are on the line at right 
angles to this tangent, and the displacement or shift which it is necessary to 
make in order to enable the transition to be inserted, should be made along this 
line if the curves are not to be displaced in direction. It is interesting to note 
from the theoretioal investigation for tlie transition for two such curves that the 
shift actually occurs along this line. 

Now, a, is central angle for arc DB, and a, is central angle for arc B^, and 
a the angle between tangents at B, and B^ Draw line 0,E parallel to OiB,. 
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Then angles at K and B, ore right angles, and a = a, + a|. Aim BjCB, = I, 
and as S is small oompaTed with f, I may be taken eqoal to B^S plus DBj 



/. f = »-,a, + r^o - o,) 



Bat from equation (») I = ^''J? 






a 






Fia. 47. 
Equating them two nine of I girra 



V. 



SimiUily it may be shown b; eliminating a, from the Sret eqnation that 
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Herefore line SD buects B,CB, in C, or half of the tran§itioD carre mnet be 
on each side of the "shift " or HliorteRt line joining the ciroloB. 

To find SD or the amount of the shift, draw B,E perpendicular to the 
tangent at B„ and draw SL, IJM, and B,N parallel to the tai^nt B,B. Then 
B,E = KL + LM + PN - PM i and expreaaing KL, FN, and PM as in the 
method of verBines, ne have 

KL = QB, = W 
2r, 

and P^ = ^^-±^ and PM = ^' and LM = S the diift. 

These are true, on the aaanrnptioo that o^ and oi are rcry email angles, which 
alwaja occurs in practice. 

.-. B,B = ©■ + B + 'J<i|±^' - '!;;' 

2rt 

.JL+'-^-'-aSI + s 

~ 8r, 2r, 2r, 

~ 8r, 2r, 4r,V,' 2r, 4r,» ^ 

= s;^.('-.'-'» + 3^.*^») + S = g^^C-"! + 3^.) + S • (*•> 

It u now necatary to gel another exjrrwtion for B,E. This can be obtained 
from the equation of the curve by finding the value of y when B, is the origin 
of co-ordinatea and B,E and B,0, axes of x and y. First taking the general 
equation with origin A where p = cc , as in Fig. 40, it may be put in the form — 
Ifk-l = nV(ii + o) where i, and a, refer to a portion of the curve of constant 
length, at whose eitremitieB abas the values zero and oi, we have 



dl 



. = <" 



U(I. + Q 



Now, f> = ft when 1 = 0, also p — r, when a = a,, and I = B^Bi or I* 

.•.r..J_..dr,=2(i7^ <"> 

Now, referring the curve te the rectangular co-ordinates. At the origin 
B„ P = rt. 

i'aking an element of the curve (I, + i = n ^(o, + a))— 



"2V(o, + a)' 



da 



Now, when a ia small 






• 2V(a, + a) 
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For the constant, when a = o,g = o 

•'• 2L8"i - 2a, J + constaDt = o 
orcoiist«tit = ^-jat' = ino,* 
.-. y = JKo. + «)* - 2a. V(<x. + a)] + iW 
SimOarl; it can be shown that sc s nV(<>i + a) - n^o, 

.-.VK + d-^''-" 

can b« Bubetituted in (le), which becomes 



This reduces to 

But in genanl equation Z = o when a = o 
.-. i. = nV«. 
»> . !<^ 



•■)-2a^i±i±^)]+|™.! 



From this equation anotlier expression for B.E may be obtained bv petting 
IF = r and tben changing I' into L (I' bas only been uaed instead of Z to 
distingniab it trom a variable.) 

■■^'^' 6r.r, + 2r, " 6r,r,<'' + ^'■> 
Therefore Irom (v) 



"sq7.' 



.('■.+2f)-ST('. + ''.) 



-=^('.->=s(i-ir 



Obvionaly, when r, = oo we get the expresBion for the shift =^ in the case 
of a tangent and one ciicolar curve as on p. 129. 

Again, if in above equation for y z be put equal to -^ and V changed to I, 

-g.iec=5(l-i) = i!i 

Therefore both the transition curve and the shift are bisected at G. 
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Again, the amoDDt of diveigence B,R of the ajxnl from the ciicaW carve 
at B, = BE - BR (approximately) Mid ER = ^ 

••• »■» - 6^(" + '"■> - W. ' e^fr- - '.) - 'Hk - .1) - ■" 

But B,T = BjR (approi.) aa both T and B, are aymmetricallf placed with 
regard to Uie line 0^0,8. Therefore the transition curve deviateB from the circle 
of larger ladioa at the same rate starting from una end of it ae It dow from the 
circle of smaller radius starting from the otlier end. It in also obTious from this 
that the Hhid must be bisected by tlie transition curve. 

It may be obaerTed from above value of S tliat 8 and I are dependent upon 
each other; that is, provided the circular curves are not given in position but 
only their radii lized. 

If the circular curves are given in poeitioa the " shift " Is fixed, and therefore 
t must be determined from the equation 



^m-') 



If I as found by this method proves unsuitable on account of the p. 

apeed to be allowed for on the road, it may he necessary to change the radiuE 
of one of the curves, if it is inipoBaible to alter the shift. 

If the lengUi of tranaition ih calculated by the formula I = ^R, this R most 
refer to the circular curve of smaller radios as the matter of the maximum 
allowable speed on the curve is involved in it, and if the lengths of transition for 
the two raaii were calculated by this formula, and the lesser deducted from iJte 
greater, the length bo obtained would not be sufBciently long to enable the 
necessary superelevation ta be gained. 

This is natural, as a tranmtion which was efficient in the case of one circular 
curve coold not be bo in the case of the other curve. But as the speed cannot 
exceed that permissible on the sharper curve, that transition should De selected 
which is suitable for the sharper curvatnre. 

It will be observed in putting in transitions in these cases of direct curves 
how small the sbitl is. Talcing a case with aa wide a deviation in corvature as 
60 chains and 25 chuns the shifl is only 4| inches, but generally the variation 
is not even so great and consequently the shift is less. There are few caaes of 
compound curves in practice deflectinK in the same direction where it is not 
possible to insert a transition curve for their improvement on account of the shift 
being so small. It may also be noticed from the formula for the shift that it 
varies as the square of uie length of the transition. Accordingly if the transition 
is shortened even a small amount it takes off a much lai^er proportion from the 
length of the shift. It is not always necessary or indeed possible to insert a 
tranaition curve between two circnlar corvee. If the smaller radius is only 
16 per cent less than the larger the shift is Jth of an inch, which is almost too 
small for setting the carve cut on the ground. Similarly : — 

A 20 per cenL reduction will give a shift 1-lnch long. 
,, 26 I. ,. ,1 i » 

« 31 .. ., ., 1 ., 

11 39 .. .. n 2 „ 

„50 „ „ „ 4J „ 

The usual method in improving these curves is to shift the shu^er curve in 
along the common tine of centres an amount equal to the shift. This will have 
the effect of removing the other end of ihe curve from its tangent point in the 
straight, but as that end will also need a transition curve the eh\& will be 
provided for it by the one movement of the dreular curve. 

The " getting ont " of this transition is simple. Having calculated the ieogtli 
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of tranxitioD, determiao by the formula the amouot of the shift and set this off 
at right augleH to the commou tangent at the tangent point, and setting b 
theodolite over this point set out the new ciroular curvo by chords of a length 
the same as required for the transition curve. The transition curve is then set 
out from these points by the ordinary ofTsetjj of the transition spiral mod, the 
first half of the tranHition being set out in a similar manner by offsets from points 
in the first arc of lai^ radius. If more convenient the new circular curve can 
be set out by offsets from the common tangent or, indeed, the transition may be 
set out direct from the tangent by using offseU which are the difference between 
the offsets mentioned above. 

If instead of a compound curve of tJie kind here referred to a short length 
of straight exists between the two curves, it is not possible to replace this by one 
transition curve unless tlie smaller circle can be shifted to a position where it 
woidd be inside the arc of the larger curve produced. This generally involves 
much too lai^c a shift for piacticsi purposes. However, it should be possible to 
spiral both curves, or at any rate the sharoer one, in the ordinary way. In doing 
so the length of transition tthould bo determined for the sharper curve by 
L = ^U and a portion of this transition be used for the flatter curvo. If done 
in tho reverse order much longer transition curves would he used than were 
needed for good running. It may be remarked that the custom of super- 
elevating curves according to their curvature is not always a scientific operation. 
In this case the shBiper curve has the superelevation suitable to the maximum 
speed to be attained in running on it, but the flatter curve will only have the 
superelevation needed for this speed, and cnn.soquontly a much shorter transition 
curve than if calculated fur tho maximum speed which tho (latter curvature would 
justify, Conso'iuentlj' if a number of curves of varying curvature occur at close 
mtcrvals along a portion of line where there is little variation in the gradient the 
length of transition for each of these curves if determined by the above formula — 
and it is a formula to be recommended in most cases — should be found for that 
of smallest radius first and portions of this transition used for the other curves 
according to their curvatures. 

By this means the best running wDl be obtained over the whole of this 
portion of line, as the rate of change of acceleration in approaohing and leaving 
each curve will be the same. 

REyBB.SE CU&TBS 

In spiralling reverse curves the suirajs approaching each curve should belong 
to the same spiral curvo, i.e. should change their curvature at the same rate. 
This is necessary in order that at the point of reverse no sudden change in 
motion maybe felt in the passage of a train from ono circular curve to tlie other. 

Fig. 48 shows a spiral ctu-ve AL,B, and a shorter portion of the same used 
tor the reverwi curve AL.B,. 

The radius of curvature at B„ r, is less than r,, the radius of curvature at 
B,. That is, the circular curve with centre Oi being sharper than that with 
centre 0„ requires the spiral to be extended to B, till its curvature is equal to 
that of the circle of radius r,, nhoreas a shorter portion of tho same spiral serves 
the purpose of approoching the circular curve ^rj. The straight line E,ACE, 
is tangent to the spirals at their common orij;m A. Also 0,0, intersects this 
lino in G and the circular curves in D and S. The original positions of the 
circuhir curves is shown by CP and CQ with their common tangent CB at C. 
If perpendiculare be dropped on E,AE, from 0, and Oj, namely 0,M and 0,N, 
these intersect the circles in their original positions in P and Q and in the 
positions into which they have been shifted for spiralliiig purposes in F and G. 
Now, MF is the shift for spiral AB, and NG that for spiral AB,. Therefore if 
I, = AB, and i, = AB„ ih = AL, = FB,. Also II, = AL, = GB,. The 
angle subtended by ^l at the oentre 0,[is a, and tbatliy JI, at Oi is a,. Also 
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the angles made by 0,0, with the perpeadicnlarB on the commoD tangent are 
equal and called e. It maj be obserred that the angle BCE^ made by the two 
common tangents is ako eqoal to t. 

Now, from the equation of the curve tj = m^a, = - - ■ — 
Similarljr ^ = . _ .• J = J 

.-, AM : AN : : r, :'r, 
But iu the similar triangles CO,M ant) CO,N 

CM : CN : : r, : r, approximately. /. CM : CN : : AN : AM. 

But CM + CN = AN + AM. .-, CM = AN = Ji, and CN = AM = Ji,. 
.'. AC = J(I, — I,), which means that the origin of the spirals A is shifted along 
the tangent from the common tai^nt point (C) of the onf^inal circular curves in 
the direction of that of larger ndine 07 an amount equal to half the difforeuco 
of the lengths of the spirals. 

It should be obaerved that C ia the centre point of the total spiral line B,CBi. 
Thus CB, = CB, = JCI, + It). 

To find the amounts the oiiginal curves need shifting, namely SC and DC : — 

SC = QG = QN + NG and DC = PF = PM + UF 
Now, QN = ^-^^ t= ^ and NO = shift = S, = ^'^ 

"^°-8r.+2ir. — wr 

Similarly DC = ^ -. ^-g- = ^^^' 

These are the amounts by which the respective circles must be shifted back 
along the line 0,0^ 



' J. ^ ' J. ^ 



(, _ 

I, 

.'. the value for the total shift 

BD.SC + CD_a + Jil+V + ^V 

and may be expressed as 

i.tr.' + 3r,r . ' + 3r,h-^ + r,=) ^ l,\r, + rt^ 
24r,V, 24r,i-,' 

by substituting for l^ ile value I, ■ - . 

' ^r I, V, ) (,r, * rj 24 \t, rj 

This is a similar expression to that obtained on p. 143 for ctuves cuiviiig 
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in tlio name direeiion. Uie mga there being — instead of + and the I there beins 
equivalent to I, — I, norc. 

Ill doterminiii):; the direction of the tangent line EiCEi from Uio origiaal 
n taugeat ItC the angle 9 Ib given by 



A cloMct approsiraation to the value of * is generally obUuiiod by taking 

It will l>o neon from the above nolutien that the common ciwtom of railwayn 
to use the mint of common tangoncy of the circular curves na the ]ieint of 
reverse for tho transition curves cannot be adopted if it b the intention to niaku 
the Tate of change of acceleration continuotu on the transition. 

Unlilic the transition lietwccn two curves turning in the name direction, the 
ahifi of the circnlar curvou in the case of reverse curves is a nitiicr lar^c 
quantity, and in many cases in practice would involve shifting the existing roadii 
too much for the epace available. Conseqnendy it is recommended to put in 
a sliarper portion of circular curve for each curve at iljt end adjacent to tlio 
common tangent in the manner described on p. 118 and thus leave tlie main 
l»Tt of each curve unaltered, but pull in the ends of the curves by sightly 
reducing the radii bo as to effect the required shid 

It has been suggeBted by M. Lafut that in tlio cases whore the eliift of tl>c 
circular curve is greater than can be jwrmittcd on an eiisting line, tlie quartic 
)iarabola should be used. This curve, however, not being a true transition curve, 
will produce inferior running to that obtained on the trausitioo spiral. 



Impeovimo ah Existing Curvb 

The problem freqaentl; occars tbat ao existing circular cnrve, GJT 
(in Fig. 40), ranaing directly off a taugent LG needs easement without 
the possibilitj of altering the main part of the circular curve. This 
may be effected by sharpening a portion of the circnl&i curve as it 
approaches the tangent, as JBD in figare, whose centre is 0^ instead of 
0, and then inserting a transition spiral AGB to connect the tangent 
with this circnlar cnrve. 

It has been shown by Ur. W. H. Shortt > that it is nnncce»sury to con- 
nect two circnlur curves curving in the same direction by u tranaitioii 
curve if the radius of one does not differ from the other by more than 
15 per cent, iiut that any pair of curves conforming with this require- 
ment must have the length of each not less than one-sixth of the stiuare 
root of its nidius in chains. 

Thus, in above figure, if circle GJT be of 35 chains radius, and it is 
decided to sharpen the end JG to one of 30 chains radius (JBD), 
the change here being less than 15 per cent, is permissible. Then 

' Minulei 0/ Froctedinyi, Inst. C.E., vol. clMvi., pp. 117 and 1 IS. 
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having decided opon the length of tranBition the shift 8D can he 
cslcolated. Or taking 

1= ^r, S = 2 ft. 9 inches. 
Now, taking as centre and OOi ^^r — r-i, op, aay, 5 chaina as radina, 
describe circle HOi. On GO the perpendicular on tangent, measure off 
■' Shift " and draw FOi parallel to tangent till it cnts circle in Oi- 



Join OOj and produce to J. 
produced- 



Draw perpendicular OiDS on tangent 



.-. OiS=PG = HG + 8 

.-. DS = S (the shift). 
.■- Circle with centre Oi and radius O^J or r^ will have the required 
shift and also be of required radios. Then bisecting DS in C and 

setting off a length equal to - in both directions, CB and CA, the ends 
of the spiral are determined. 




Fig. 49. 



If BJ is not less than one-eixth of /Jti, or in this case, where 
ri = .^0 chains, '9 chains, the conditions will be completely satisfied. 

To Set Oat OoFira on the Ground.— G being the B.C. is fixed on 
the ground and J can be found by calculating 9 and measuring the dis- 
tance subtended by along the curve — 



COS 9 = 



Also 



G8 = 



FO, = OOj sin -. 



= known 
(r - fi) sin fl 



,,,_KibyGoOgk' 



1150 RAILWAY SUHVEYING 

Therefore J the common point of the two circni&r cnrves being 
fonnd, the curve JBD can be run in by deflection angles from this point. 
Also S is found, knowing GS and D can be set out by an oSwA = S 
and shonld be on circular corre JBD. 

Nozt, point A is fonnd bj meaearing back from S a distance ^l. 
Then the spiral can be set ont from A by deflection angles and the 
accuracy of the curve determioed by observing if it passes through 
and B, points already fixed. 



PSICTICAL ESAHPLEB OP TbANSITIOIT CURVBS. CONNBCTINa TWO 
OiKCULAB CiTRTBB 

CnrTflB CoFTing in the Bam« Dlnotira.— Two circnlar curves 
of SO (r^) and 40 (rj) chains radius respectively cuiring in the same 
direction and forming a compound cnrve have their common tangent at 
B (Fig. !)0). It 18 necessary to shift each curve in towards ita centre to 
enable the epiralling to be performed. The main tangeolB or straights 
QAFL and MEN are assumed to be immovable (this is generally the 
case in practice). The circnlar curves must be moved in so as to enable 
not alone the spiral B^CBg connecting the two curves to be affected, but 
also that their other extremities, in their new positions, may be capable 
of being connected with their respective straighte by spirals. 

Assuming the superelevation for the 30 chains radius curve to be 
-45 feet and that for the 40 chains '3 feet and that the rate at which 
the cant is applied is 1 inch in 50 feet or 1 in GOO (a rule comnionly 
used in practice), then the length of transition curve (/j) for the fonner 
is -45 X 600 = 270 feet and that for the latter (ij) is '3 x 600 = 180 
feet. These should be the lengths of spirals used at the extreme 
ends of the curves, whilst near the centre B that portion of a 27C-foot 
spiral between its ISO-foot point and its 270-foot point (or a 90-foot 
lengtli) is used for connecting the two curves. This can also be seen 
from the difference in cants, for -45 — '3 = '15 and 'IS x 600 = 
90 feet. Next consider the shifts or distances which each carve must 
be moved in on the line of their common centres BOiOj. The distance 
SD (S) between the circnlar curves is given by formula 

on p. 143 where l = li~l^ 

Also the shifts Sj and S, for the other ends of the circnlar curves 
are given by 

* iir, ^ a4r« 
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The Tslaes of these in the present example are :- 



3i 



180 X 180 
a4 X 40 X «6 



= 1-58 feet= 18-4 incheB 
= -51 feet = 6'13 iDclies 



a 4 \S0 40/ 
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As the 40-chaui cnrve needa shifting only 6*13 inches this can 
be done b; shiftiBg the ebabion pegs (or centre pegs) in 6-1 IncheB, that 
one at point B being moved to S. Then a further length SD = '51 
inches needs setting ont on this line. This fixes the point D on the 
new position of the SO-cIiain curve. The other extremity of this carve 
needs to be removed to a distance S^ from tangent QAFI. as at G^ where 
F6 = AH = Sj. Probably the simplest way to i;ffecfc this is to reduce 
the i-adins r^ a little making it r* in figure, its centre being at 0. This 
reduction is generally so small that the alteration to tho curvatnre is 
negligible. In the figure Gil and OK arc at right angles to AO, and 
O&F is parallel to AO, 

But it can be seen that — 

ri = AH + HK + KOi = Sj + r* + rf cos Ai. where d = 00' and Ai 

is the central angle for the sharper circular curve and therefore equal to 
the external angle of the enbtangenta meeting at L. 

Again ri = B8 + SO + 1)0 + OOi = 8g + S + r" 4- d 
.-. Sb + 8 + r' + d = S, + r' + rf cos Ai 

.-. d (1 - COB A>) = S, - (82 + S) ■ 

If in this caao Ai has the value 20°-— 

Then d = ^-pfHI^ = "-^^^r ■"> = ■»5" = I»-2» («t 

1 - cos 20 •OdOKl 

Itut r* = ri - S, - rf cos Ai = 30 X 66 - l%->3 - ir,-27 = i;i63-2 
= 2!)'75 chains 

This reduction in the radios though mnch facilitating the operation 
of setting out the curves for spiralling is not of serious moment w 
regards the speed being used on this curve as the approaching spiral 
from Q end will diminisli oscillations, also its alteration of tbe positicm 
of Bi is utmost inHniteflimal and certainly could not be set out on the 
gronnd. Now A being tbe original tangent point, F must be found bo 
that FG= 8j can be set off at it, in order to fix the position of G which 
is on the new circnbr curve. Also R the middle point of FG can be set 
out, for this is the middle point of the spiral li (TRY in figure). 

NowAF=OK=dBin Ai=lG-2.5'xsin 20" = 5-56 feet. Therefore 

measuring from the tangent point A r)'5G feet along the suhtangent AL 

gives the point F at which a rectangular offset of length 1'53 feet gives 

the position of G. The circular curve (IVBiD can now be set ont by 

deflection angles from G or D, the deflection angles being calculated 

for a 20-7.5 chain curve. This angle for each chain length = 

1718-87 . , f„ „ . , 

- ... -V- minutes or 57( j minutes. 
2'.t'7fi 



by Google 



TRANSITION CURVES 163 

Therefore assnmingGT = i^i = J(270) = 135 feet, the pointV can 
be set oat at the same time by tnrning the angle for ^ chains = 2^ 
ohaiDB. Similarly the point B^ can be set out by deducting from the 
total length of curve QD for a central angle Ai(20'') the length DBj 
or 45 feet. 

Again, meaanring from F a length FT = J/i = 185 feet, gives the 
position of the B^. of spiral TRT, 

Similarly from £ the tangent point of cnrve r^ meaaare off £W, 
and from P (BP = Sj = -51 feet) PY, each eqnal to ig or 90 feet. 
Then we have on the gronnd the beginnings and ends of the three 
transition curves. 

If the deflection angles for the longest of these, namely, Ii are 
prepared they can bie nsed for all three carves. 

BsTSPBe CuTTeB.— Two circular cnrvoa of 30 chains (ti) and 40 
chains (r^) radios cnrve in opposite directions from a point of common 
tangency. 

Their saperelevations are ■4.1 feet and -3 feet respectively, therefore 
the lengths of their respective transition curves are 270 feet and 
180 feet, as in the previous example. But the transition connecting 
the reverse cnrves has its length determined by '45 + '3 = -75 feet, 
and eqnals -75 x 600 = 450 feet. The lengths l^ and ^ of the respec- 
tive spirals are 270 feet and 180 feet. The common tangent NACM, 
at the point A from which both spirals branch (see Fig. 51), is found 
by deflecting an angle ^ at from the common tangent to the reverse 
circular carves QCP (see p. 148). 

"^ * = k ' 2-s Irx M = •"=""■ ••• ■l"^ "«' 

Thus having deflected through 2° 6C' set out on this line the points 
N, A and M at distances 270 feet (370 - 180) feet or 90 feet, and 
180 feet from C. 

Also set out points D and S on the line at right angles to the 
original common tangent. These shifts s' and s" are given by 
, _ .sy + /i' ^ 3j^(1^80)« + (270) ' 
* ' 2iTi 24 X 30 X ( 

„ _ Shi + Ij! _ .S(270)' + (180)' _ _ „„ ,. 

^ --24^2 2r-x"40-X 66 " ^^^^^^ 

In shifting the circular cnrves inwards to these respective points 
D and S. their other extremities cease to touch the straights or 
tangents. This will not matter in the case of either which tonolies 
a line, as VU in Fig. 51, parallel to the original tanffent, and at a 
distance from it, on the inner side, equal to the shift of the spiral 
connecting the circular curve with the straight. But as this rarely 



- = .^-58 ft. 
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happens to come in the right place, the operation of drawing the 
circular cnrve back along the line OiOg of the centres ta not sufficient 
without altering the radins slightly to inanre that a spiral from tlie 
straight can make a proper connection with it. 

Thus it ia necessary to draw the line TU parallel to the tangent 

ET, and at a distance 8j = ^— from it. If the new circular cnrve 
through S with its centre on line OjOg tonches the line at Y, YO will 
be at right angles bo tangent YU or BT ; now draw OgK at right angles 
to this line. Galling 0^0 d, the distance the centre is moved in and 
the centnl angle at 0^ or As, and the new radius r*, we have — 

r« = TU + UOj = Sj + r' - (i cos Aa 
r, = OjO = 00 - rf = r* + S" - d 

Eqoating these valnes of r^ — 

r" 4- «" - f? = 8a + r' - rf COB Aa 
.-. s" - Sa = d(l - COB As) 

. j_ ^-^ 
i- COS As 

Again ,/=rg-«' + d = r,-«'' + ^l^^^ 

and RT = OgK = dsin Aa = i .T^' a" •^'" ^ 

It is assumed in this example As = 20°. 

Therefore d = — rTTcJiui — =" 57'2 ft., giving the amount the centre 
ia shifted back, andr* = rg + 57-2 — 3-!)6 = r^ + 58-24 ft., which gives 
the increase in the length of the radius. 

The positions of B and Y, the extremities of the shift, are deter- 
mined by measarii^ from T, the original tangent point, a distance TB 
ordsin As - 57-2 x sin 20° = 57-2lx -842 = 19-56 ft., and setting off 
au offset = 8g or -51 ft. 

The new radins of curvature r* = Tb + 53-24 ft. = 40-806 cliains. 

This cnrve must now be set out from S and chock on Y in the same 
manner as ahown in the last example. The alteration in the carvature 
would suggest that Bg when set oat from the tangent NACM would 
not fall on the circular curve. However, even tliia considerable change 
in the curvature, nearly amonnting to a chain, ouly alters the position 
of the point Bf by a small fraction of an inch. If it should be felt 
neceasary to correct for this the spiral ALgB£ can be set out to suit 
the new curvature without any appreciable effect being felt on the 
smooth running on the road. The other extremity of the circular 
curve Ti must be dealt with in a similar manner. 
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The Bpira] AL^Bg can now be set out by deflectioD anglea from A, 
the Bhift NG or S, being equal to -^ , and a = 3fl = j,^- for point Bi 
(sec p. 131). (The same Bpinl canbensed at the other end of this carve 
where the shift 1b BY.) The spiral ALjBi can be Bet cat from A in a 
Bimilar manner. 

AtK^her Method of Soh-ing this Problem. — A more rational and 
precise method of dealing with the problem of applying transition 
cnrres to connect the tangents with the extremes of the compound 
circular curvcB after the latter have been moved in to the extent of their 
respective shifts, as in the above two examples, is that of compoanding 
the circular curves with others of slightly different radii. (The change 
in the radii is never great enough to make it necessarf to insert a spiral 
between the curve.) 

Thus in Fig. 52 curve of radius r^ has its centre moved from 
Oa to Oj'. This draws point T to new position W 

.-. SC = »'=0i02' = TW 

Nov set off TU = S^ at right angles to tangent and draw UVQ 
parallel to tangent. This is now the line which the new circular corve 
iiinst touch; it must also touch the cnrve (r{) at some point at Y 
(generally fixed by having YBj sufficiently long for easy running). Join 
YOj' and let be centre of re<iuired circlu (tj), and V its other point 
of contact. Let central angles WOa'Y and WOj'S be A an^ li^O" - A' 
respectively. Then calling Oj'O d, we have — 

fi = WOg' = «' COB A' + Si + rj + (/ COS A 
Again rj = OaTT = rf + r, 

Bqnating these two values of rj we get 

rf + ra = y cos A' + ''^1 + '■a + d cos A 
.■- (/{I - COB A) = »' cos A' + Si 
- a _ ^' COS A ' + Si 
~ 1 — COB A 
All riaantities in the right half of equation are known because 
A' = IH'I — All and A is the angle sabtended by an arc 

= TYS - YBa - BbS, which are all known. 
Then r^ = ri — d = known 
Now VZ = OOg' sin A = (/ sin A 
Also UZ = s* Bin A' 
.-. ITV = d sin A — s* sin A' = known 
'. Both tangent, pointe Y and Y and the radius (r^ are known. 
."- Curve can be set out. 
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Fi>;. 52 Dm; be looked upon as representing only one of two ooni- 
poanding carves as ahoivn in the preTione examples. A Bimilar opera- 
tion would require to be done in the case of the curve cotmecting with 
this one on the right of the figure. 




RsvijKKK Ci:rve8 connected by a Common Tangbht 
In this case, provided the common tangent in long enough, it is 

only necessary to deflect it about some point in it (C in Fig. Da) bo that 

the shift for each circle will be the correct one. 

If r, is the smaller radius, the length of transition Ij will be V^i. 

The portion of the same transition for arc (r,) will be 
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IS 

Now Sj (the shift) = ~- = ^ chains (» coDstaot) and 



^ = 



air,' 



In Sgnre FM = S^ and arc of radins rj + S^ it deecribed. 
Similarlj GN = Sg and arc of ladioB r^ + Sj iB described, and 
common tangent NCM to these two arcs. The angle $ which the 
two positioiiB of the common tangent make with each other is equal 
to the angle between the pair of perpendicnlars from each centre. 
If Ti and T^ are the sections into which the common tangent is 
divided by 

The shift 8, = PR = Tj . fl and 83 = QS = T^. (This is a very 
close approximation.) 



" T, 8^ ri" 
known. .*. Ti and Tg can be fonnd, and 
known. .-. FP = ryS = known. Also QG is known. 



But Ti + T, 
~Tj 



Therefore F and 0, the extremities of the shif Ui, can be fonnd on the 




ground by measnrementfi from the tangent points P and Q respectively. 
If FM be made = S^ on the gronnd, the new tangent line Cii can be 
set out, and when extended to N should give GN = Sg. 

If from M !^!j be set oft along 110 the spiral tangent point is 
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found, and the cnire can be run in by defleotion angles or offsets. 
In a similar manner ttie other spiral can be ron in. 

If the common tangent ia very short, less than i('i + ^)> •'' 
will be necessary to reduce the lengths of the toanaitioos. This can 
be done in the same proportion with satisfactory results if the tran- 
sition is not shortened to leas than what vill provide 40 feet to the 
inch of superelevation on the circular arc. 

The ban which has been placed on rerene cnrves in the case of 
new lines is a wise one, as not alone does the form of snob a curve in 
itself provide serions oscillations in the running over it, but even the 
superelevation is obliged bo be non-existent at the point of reverse 
where it is most needed. But if a sufficient let^h of straight can 
be provided between reverse curves to enable the fnll-sized transition 
curves to be inserted, the travellii^ will be as smooth as could be 
desired, and thns reverse curves, which so frequently mean a sub- 
stantial reduction in the cost of construction, can still be used without 
prejudice. 

The formula I = i/r for determining the length of transition to 
be nsed has much to commend it, though it is used very little on 
British nilways as yet ; the custom at present being to take a length 
of 50, 60 or sometimes 66 feet for every inch of superelevation on the 
circnlar curve. It might seem to a permanent way engineer that the 
length provided by this formula for transitions to sharp curves was 
much too small, for instead of increasing in length as the curvature 
becomes sharper it diminishes, consequently making the rate of gain 
of superelevation much quicker than 1 inch in 60 feet. Bat as the 
cnrvee are sharper the maximum speed permitted on them is also less, 
and thns in suTmonntlng the anperelevation at a lower velocity no 
uncomfortable motion is felt by passengers, as the discomfort of the 
motion varies as the cube of the velocity. Consequently a speed of 
50 miles per hour will cause nearly 5 times as much oscillation as 
that dne to one of SO miles per hour. 

Again, fot speeds of 70 and 80 miles per hour and a radius of 
between 40 and 60 chains, it may seem that the lengths of transitions 
are much too long, bat here the excessive speeds demand a very gentle 
gradient on which to gain the fall cant if the sensation of having the 
coach heaved up at one side is to be sufficiently gradual. Thus at 
speeds of 70 to 80 miles per hour the gain of superelevation shoold 
amount to 1 inch in 80 feet or more if the best mnnii^ is to be 
obtained. Therefore a general rule of, say, 1 inch in 60 feet for tiie 
cant on all transition carves ia unscientific and not prodnctive of the 
best resalt& Yet it is gratifying to know that all our principal 
railways have now taken to the introduction of transition curves, 
where possible, at some parte of their aystems. 
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But the feelit^ that circahir carrea of Ui^e rudiua provide 
soficieQtly good running to render them inunune from the transition 
inDOvation, ia one whioh shonld be dissipated. It reminds the author 
of a BnFTcyor taking a reading of an angle with a theodolite, to 
degrees only, and ignoring the minntes and seconds because it 
happened to ooincide nearly with a certain number of degrees. As 
long as large easy curves arc used for only moderaUly high speeds the 
need for a transition curve is not great. But the tendency on some 
of our principal luilwaya to insert carves only of large radius and 
withoat transition curves on their main linee is a mistake, as the 
ap[Mvach to any of these carves by trains at high speed is necessarily 
accompanied by irregularities of motion which would not occur had it 
been made on a transition carve. 

Also, the difficulty of introducing a spiral in these cases of curves 
of lacgc radios is by no means great, as the " shift " in the worst cases 
is only a few inches. Indeed, speaking broadly, it might be said that 
it is only on curves of large radius that there is any great need for a 
transition approach, aa these curves are generally associated with high 
speeds, whereas the sharper curves are excluded from lines intended 
for fast traffic. Also, it must be remembered that on a high-speed 
track an irregnlarity so slight as to escape the eye of the platelayer 
entirely may cause a very serious jar in the running at that point. 

There is no doubt a certain amoant of easing of the cnrvatare at 
the tangents of carves of large radins is always performed by the 
platelayeiB, but this is of necessity a variable qoantity. 

This custom among platelayers of making the line "eyeable" is 
frequently condemned on the grounds that the carve is sht^pened by 
this operation and consequently causes inferior mnniog. In reality 
the sharpening of the curve is seldom if ever the real caose of the 
trouble, which is due to slaing the road into a form nnanitable aa a 
transition carve. 

Personally the authors have always considered a good pl^elayer a 
very worthy and nsaf ol servant of a railway, bnt they conld never see 
any justification for the permanent way ei^neer handing over to him 
the duty of adjusting the moat difficalt parts of his track. Some of 
our railway engineers have now realized the seriousness] of adopting 
SDch a custom, and in retaking the reins of control into their own 
hands have naturally found it nec^sary to adopt a very firm attitude 
towards platelayers in regard to these matters, demanding that 
instructions from the office were alone to be followed and that these 
were to be carried out with minnte accuracy. 

It is advisable that marks of a permanent nature be fised along 
the 6-foot way from which meararements may be taken to the curve 
in order to re-fix it in its true position and to the correct elevation 
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daring the operation of re-ballasting or other renewal work. The 
foreman platelayer shoald be piovided with these and a plan giving 
the lengths of the offsets. A type of mark which has been adopted 
with some saccess is a centre peg made of a fiah-plate set in a block 
of concrete, the fish-plate having a saw-Ktat in it to indicate the centre 
line of the railway. It is not possible to fix these at the level of the 
rails as their projection above the surface of the 6-foot way wonld 
be a danger to platelayers, also if a material train was unloaded at 
snch a point a rail dropped on the marks wonld destroy their 
ROCQiacy. However, if fixed well down in the pitching and formation 
BO that the top surface of the plate is flash with the top surface of the 
sleeper or at a definite nttmber of inches, say, 7 below the surface of 
the rail, they can be always used for re-establishing the rail in ito 
correct position. 

Another method is that of using short lengths of old flatfoot rails 
with the flange tamed towards the line and placed so that the ordinary 
road gauge measured the distance from the outside of the running rail 
head to the flange of the rail nsed as a mark. These pegs were pat in 
at intervals of 25 feet, either on the inside or ontaide of the curve (the 
line was single), as the ground was more suitable and each was set so 
that its top was at the correct level of the corresponding rail at 
the point and the correct superelevation was marked on it with a 
pnuch. 

Bat to return to the matter of spiralling flat and sharp corvee, the 
custom of making the length of the transition proportional to the 
number of inches of superelevation waa adopted in America probably 
for the purpose of obtaining easy hauling for freight trains tnvelling 
at a moderate speed. The Canadian Pacific Railway, as also some of 
the leadii^ railways in this country, adopts 60 feet for every inch of 
superelevation on the circular curve, but the former seldom uses 
more than & inched of superelevation. Also, spirals are only used for 
carves of superelevation of 3 inches and upwards. The tendency in 
America is to keep down the superelevation as much as poesihle. 
This is for the benefit of freight trains, which are considered of 
primary importance but travel at lower speeds, as the higher supei- 
elev^on means increased resistance to hauling, caused by the wheels 
bindii^ gainst the lower rail. The American Kailway Engineering 
Association has laid down the rule that in all cases of 2 inches of 
superelevation and upwards transition curves should be inserted 
This obviously is intended to provide for speeds much in excess of 
those attained on the Canadian Paciflc Railway. 

Objection has often been raised to the method of inserting a 
transition carve by sharpening the curvature of the circular carve 
where it is not possible to move it to form the shift, the objection 
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being that in order to effect a better approach tlie curve has been 
rendered more dangeroosb; having ita radius reduced. This argument 
oa the face of it aeems to carry some weight. Bat the principal 
point of danger of a sharp carve is at its entiy. If trains conld be 
brought OQ to cnrvea withont aaj tndden irregnlarlty of motion before 
settling down to the nnifonn motion on the carve, very much sharper 
curves could be adopted for high-speed trains than are used to-day. 
Indeed the results of experience and ezperimenta seem to show that 
trains traveiae curves of 5 chains radios at 35 miles per hour with 
perfect ease and withont showing any tendency to leave the metals. 

However, the principal cases here referred to occurred on the 
Oeylon Government and South Africau railways, but if tried on 
English railways would, no doubt, require the track to be laid wide to 
gauge, as curves of 5 or sometimes 6 chains are the sharpest adopted 
anywhere on Englisli railways. Still the fact remains that trains can 
traverse such curves at 35 miles per hour. But the curve ordinarily 
provided for such a speed would be one of about 15 chains radius 
and its reduction to one of 13 chains radius would not seriously affect 
the regularity of motion in passing round it at 35 miles per hour. 
However, thie is on the presumption that no dangerous oBcillations 
are set up at its approach to the curve. This reduction of the radius 
of curvature for a few chain lengths of (he curve will provide an ample 
shift to enable the most efKcient transition curve to be inserted. 
Accordingly, the motion from the straight to the 13 chain carve will 
be quite uniform, and also that from the 13 chain to the 15 chain 
radius curve, being a change of leas than 15 per cent. 

There is no hard and fast rule adopted in this country with regard 
to the number of points set out on the ground to fix each transition 
curve, the tendency being to fix 8 or even 10 points on a loi^ 
transition curve and 6 on the shorter ones. A point at every half 
chain is generally sufficient, but some prefer to fix points about 1 
chain apart at the tangent end and half that amoant at the circular 
curve end. This gives good results, as the curvature is so much 
sharper at that end, and wants its position defining at nearer points. 

On the Canadian Pacific Railway it is usual to set out the centre 
point and two-quarter points only in addition to the extremities, 
except in the case of very loi^ transition curves. If these are set out 
by deflection at^les from the beginning of the spiral they are in the 
ratio of 1 : 4 : 9 : 16, OS they vary as the square of the length. Also 
if set out from the end of the spiral the ratio of the four angles is 
11 : 20 : 37 : 32. So when any one of these angles is found (generally 
that to the end point) the others are easily calculated. 

The accoracy of the curvatare on spirals existing on the grouid 
can be tested by the chord and versiue method in a simi' 
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to teatii^ the cnrrabnre of an existing circular curve. The methods 
of calculating these versinee on transition carves for differeiit cases 
are given in Chapter I£. 

To plot carves from versines to greatly distorted scales in order to 
magnify the irr^nlarities of cnrvatare and enable corrections to be 
worked oat on an ofBce plan, a method is given at length in 
Chapter IX. 1 

It will be interesting, however, to many to know that this method 
has been adopted to a greater or less d^ree on nearly every railway 
in the conntry. Bnt it was found in some casee that the exceptionally 
good dranghtsmanship reqaired, even with the distorted scales 
generally nsed, rendered the operation dilficnlt to perform with the 
amoont of preoieioa desired, the improvemente to the csistii^ rails, 
often amonnting at several pointo to shifting it small fractiooa of an 
inch, depended for its accnracy npon measarementa scaled npon the 
plan, and very small errors in the measarementa or ia the dranghta- 
Doanship were liable to cause considerable errors in the carvatare, as 
can be easily understood by anyone accustomed bo measure curvatures 
by the versine method on the ground, Accordingly, a co-ordinate 
method of plotting the results on squared paper has been tried with 
very satisfactory results, as any distortion due to expansion or con- 
traction of the paper or poor dranghtsmanship does not affect the 
resultfl. For particolars of these methods see Chapter IX. 

The suggestions for improvements in the railway lines of this 
country, as here set out, are not intended to place too adverse a 
criticism on the efHciency of the peroianent way work in the past, as 
the ease and comfort with which we traverse long stretches of some of 
onr main Hues at very high speeds baa given our railways a great 
reputation all over the world. 

Much of this easy running is due probably to the adoption of 
long lengths of carves of large radins, it having been realized that the 
motion of a train on a curve of large radius was better than on any 
straight, becanse there was less oscillation, practically no extra resist- 
ance and a slight bearing on the outer rail, which seemed to steady 
the train when it travelled at a high velocity. 
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CHAPTER IX 

THE SPIRALLING OF EXISTING RAILWAY CUEVE8 

Thb advantages of the traiuition carve towards bringing aboat easy 
rnnning, have become so familiar to railway engineers that not alone is 
the spiral being naed on all new loods of any importance, bnt decided 
efforts are being made evea on English railways to improve the existing 
corves by some snch means, where it is poaaible to do so. The improve- 
ments which have been effected by even slightly slning existing roads 
to conform more with a spiral, sometimes only a few inch^, have been 
so remarkable, that the properties of transition curves are now being 
more thoroughly investigated. Id the case of existing roads, in order 
to investigate Uioronghly each individnat case it is necessary to make 
an accnTBte survey of the existing rails, also showing the ontaide of the 
formations on both sides of the line at each chain point and the 
position of all fixed points snch as bridge abatments and piers or any 
object liable to foal the constmction-gange. It is also advisable to 
record in the field notes the depth of cutting or embankment at each 
chain point in the event of its being necessary to widen the formation. 
Bnt even when cnrves like this are plotted to as large a scale as 
1 inch = S feet it is difficnlt to rec<^njze any iii^olarities in the 
cnrvatare. Also, although existing carves are nominally of so many 
chains radius, when tested by centre-offsets at the centre of a constant 
length of chord for each chain point round a curve, they are often 
found to vary as much as 8 or 10 per cent, from the nonnal in chains 
radius, between one chaJa and the next. This variation in corvature on 
an existing railway carve is not apparent to the eye when examining it 
on the ground and is evidently caused by the platelayers when pacldng 
the road at ballasting times. The sluing from the true position is 
caused by the platelayers when the foreman is " eyeing in " the road to 
what he thinks correct, sabseqaently. Pegs are always driven by tJie 
engineer, every chain length, into the formation from which to measore 
for the rails. But a new road when being put in requires much sluing 
from side to side before its appearance satisfies the foreman platelayer. 
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and ib is qneabiooable whether he alvaya adheres implicitly to the peg 
meaearements. The keen petmanent-way engineer will early impreBs 
□pon hie onteide staff that instrnctions sapplied to them by his office, 
either in the form of pegs or written directions, most be carried oat 
accnrately and to the letter. 

Method of Kagp-itjiag the GoPTatiire in Plan.— But in dealing 
with the snrvey of an existing curve in the office, even when plotted to 
A lai^e scale, mnch difficoliy haa 
been felt in recognizing irrega- 
Imties in cnrvatnres, which, 
though Bmall at times, are very 
important when the qaesbion of 
cnrre improTementa has to be 
dealt with. In a paper given by 
Mr. W. H. Shortt. A.M.Inat.C.E., 
entitled " A practical method for 
the improvement of existing rail- 
way eurvea," in 1909, before the 
Institution of Civil Engineers, 
the author suggested an excellent 
method of magnifying the cnr- 
vatore in plan. This was 
effected in the following way : — p „ 

All lengths measured along 
the outer rail which was used as a base line, were plotted to a scale of 
-10 feet to au inch ; all lengths at right angles to this base line to a 
scale of 4 feet to an inch, and all radii to a scale of 400 feet to an inch. 
Theac scales are inter-dependent, the fixing of any two of them determines 
the third. Fig. 54 shows that in a circular carve X (:^R - 0) =b^. 

.-. X 2R = 68 -I- 08 = ca 

We may look npon c as representing measurements taken along the 
onrve, as they are always chord lengths, as measurements at right 
angles to c, and B as radii measurements. Now, the eqnation 
O X 2B = o* gives the property of a circular curve only. Accord- 
ingly if 0, R and c are lengths in feet, the scales to which each of 
these is plotted mnat enable that property to be preserved as well after 
plotting as before. 

Thus, in the case of the above-mentioned scales we have the 
lengths of 0, R, and c, in inches for plotting purposes as follows : — 




0, 



-and - 
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and if X 2E = e' to begin with, even wben the parts are plotted to 
these ecalefl, it will continae to do bo for 

q ^R «^ 

4 400 ■"(■10)2 

Since 4 x 400 = 40 X 40 

Again, other scales can be OBed for the pnrpoee, as, for instance, 2, 
200 and 20 feet to an inch respectively. This latter has been fonnd a 
very convenient group of bcbIcb for this work by permanent-way 
engineers. Now it is necessary to remember, when considering the 
oorrectnesB of this method, that the plotting of the curve is only 
performed by naing chord offsete and therefore that each short poition 
of the curve is added to that previously plotted to form the whole 
curve. ThoH Fig. 55 shows a portion of existing cnrve leading off 
from the straight plotted to this distorted scale, the actual measure- 
ments on the ground being taken to the enter edge of the outer rail of 
the cnrve. On this the chain points are numbered. The offsets to 
determine the curvature were taken at the centre of a 2-chain chord 
stretched against the rail, these being taken at each chain point (see 
Table from Field Notes, p. 168). Whilst these notes are being taken on 
the ground, notes are also made of the distances from the outer rail to 
the outside of the formation at each chain point and to fix the posHdons 
of bridges, signal posts, cabins, eta 

Plotting the Cnrve to the Distorted Scale. — The plotting of 
the carve to the distorted scale is effected as follows : — Starting from 
chatnage 0. The 2-chaiu chord gives an offaet of at 1', and again an 
offset of at 2, indicating that the line is straight from to 3. At 3 
the offset is li^ inches, indicating that the rail curved away 3 inches 
from the straight at 4. This enables 4 to be plotted. The method 
usually adopted for plotting points with such small offsets, is to extend 
the chain line to four or five times its length, and draw the offset 
magnified by the same amount, and join its extremity to the chain 
point. Tims in. Fig 55, OS has been extended to 3, four times the 
length from 3 to 4, and the offset set up at 3i has been 12 inches 
instead of 3. Then setting off along the joining line one chain gives 
point 4. Again, since tbe offset at 4 is 4| inches, the point 5 Lies 
9 inches to the left of the line joining 3 and 4, Thus, as before, 
extending line 8, 4, to four times its length, and setting off an offset of 
36 inches, and joining the end of this to point 4, and measuring off one 
chain length along this from i gives point 5. In this way the whole 
curve can be plotted. But this method is tedious, and is generally 
necessary for the first few points only, where the curvature is flat. 
The subsequent points are on a curve of the full sharpness of the 
■ See Table XH., p. 168. 



,,,_KibyGoOgk' 



THE SPIKALLING OP EXISTING RAILWAY CURVES 167 

circular curve, aad will be capable of being found hj finding the centre 
of curvature of each 2-cbBin len^hs of the carve, provided that curva- 
tnre Ib saflScientlj sharp to enable the centre to come on the paper and 
be plotted by means of a beam compaas. From a table of versed Bines 
the radii of carvature for each 2-chaia lengths may be found. If the 
table is only prepared for chorda of 1-chain length, the central oS- 
lets from the 2-chain chord may be reduced to the corresponding ones 
for a 1-chain chord by dividing them by 4. Thus a 2-chaiit chord 
central offset of 6 inches belongs to a circle wh(»e radius is the same as 
a 1-chain chord central offset of IJ inches. 

Thus points 4 and 5, having been found by the first method, and 
the radius of curvature of the 2 chains from 4 to 6 having been found 
from the table of versed siues for the offset at b, the centre can be 
found with a compaas by striking intersecting arcs with this radius from 
-t and 5. This being the centre for 6, point 6 may be plotted by 
striking an arc with this radius from the centre point just found, and 
an arc of radius 1 chain from point 5 to intersect it. For example, 
the offset at 5 is 5| inches, which gives a radius of curvatnre of 68*9 
chains. Taking 4 and & successively as centres, with a radius of 68-9 
chains, plot the arcs which intersect at X in Fig. 55, X is therefore the 
centre for point 6, which is 68'9 chains from X, and 1 chain from b. 
Again, the offset at 6 is 11^ inches, which gives itSS chains as the 
radius for the circle passing through points 5, 6, and 7. The new 
centre Y is fixed from points and 6 in the same way as X was from 
points i and 5, and so on. When the chain points are plotted thns a 
smooth curve is drawn through them all. Thus the curvature, and ite 
variations, being much exi^gerated, the portions requiring improving 
become more apparent to the eye. 

Osing the DistoFted Plan to Effect ImproTemeDts.— When 
this plan of the existing road is complete, the problem of improving it 
can be dealt with. The sharpest portion of the curve, if little sharper 
than the average or original curvature, will probably determine the 
basis for improvement. Improvements in existing cntvea can generally 
be effected only by sharpening a portion of the curre in order to enable 
the gradual transition to be inserted. For it is very natoral to expect 
that if a slight sluing of an existing road flattens one portion of it, that 
portion immediately following becomes sharper. The sharpest portion 
of curve, with one exception, being of 32-3 chains radius. The method 
of taking the sqoare root of this to determine the length of the transi- 
tion corre gives 5-6 ciiains for the latt«r. It is advisable to plot this 
transition curve on tracing paper. 

la Fig. 55a a convenient curvature of S2-6 was taken, and the 
length of the transition curve 5'7 chains. Here the amount of shift is 
3'745 feet, or practically 2' 0", and the calculated offsets for five equal 
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intervalA from either end of the cnrve being as followB : -Vi, 1-04, :V53, 
8-44, and Ifi'dO inches. 

Table XII., below, showe the central chord offsete at each chain 
point on the curve, also the corresponding radii in chaioa. It alsc 
gives the limiU to which the line can be slned, either to the right or 
left, dependent upon the width of formation at each poinL Whes 
this plan is to be need in the ofScc, and is consequently plotted to a 
large size, these available limits to which the load can be slued aie 
plotted on the plan. These have been omitted in Fig. 55 (with 
the exception of two, where the limite are small and verjr binding] 
to Bave confusion. It Bhoold be noted that the widths of formation, 
and such tying points as bridge abntments, and other permaneni 
Htmctares are not plotted in their correct positions, but are placed al 
snch a distance on the right and left of the distorted curve-line at each 
point, ae is given by the limiU of sluing at the point. 

TABLE XII. 
T4BL11 vBOH Field Notiui, 









lIulBinDW 


ldui>nll4bhi 










ft^^llD.. 




C-Ulii potoi 


ctaurd oOn Id 


SIKSZ 


















OnlDildtof 


OntnMleor 




+ 00 





CO 


1' 8" 


2' 8" 




1+00 







1' 4" 


2' 8' 




2 + 00 





£0 


I'lO" 


2' 6" 




3 + OD 


H 


264 


2' 0" 


2' 6" 




*J+00 


4 


sa 


2' 0" 


2' 4" 




6 + 00 


Sf 


68-9 


1' 6" 


8' 2" 




6 + 00 


"i 




1' 1" 


2' 0" 










10" 


1' 4" 


iBridg, 










7 + 00 


12 


33 


1' 6" 


1' 6" 




8 + 00 


12 


33 


I'lO" 


1' 2" 




9 + 00 


12 


S3 


3- 3" 


8" 




10 + 00 


"3 




2' 0" 


1' 0" 




11 + 00 


Hi 


33-7 


1' 10" 


4' 


ffife.,.. 


12 + 00 


12 


32-8 


2' 6" 


10" 




13 + 00 


121 


32-8 


2' 8" 


1' 4" 




U + 00 


12A 

11 


31-7 


3' 0" 


1' i" 




16 + 00 


38-7 


S' 2" 


I'lO" 




16 + 00 


13 


33 


8' 6" 


2' 0" 




17 + 00 


12* 


32-3 


8' 6" 


2' 2" 




18 + 00 


Hi 


84-4 


3' I" 


2' 0" 




19 + 00 


551 


34 


3' 0" 


2* 0" 




20 + 00 


B8'8 


2' 9" 


1-10" 





As soon as the spiral and trial circular cnrve are plotted on tracing 
paper (see Fig. obi.) this is placed over the plan of the existing road. 
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and moved about until a Boitable poeitioD ie found, if poesible, to which 
the rood could be slned with advaDtoge. It will be observed, when 
trying to place the spiral and circular carve of 32*6 chain radins, shown 
in fall Unea in Vig. 55A in SQch a position that this is impoBsible, 



■0^ 



bccanse the cnrre, when jost clearii^ the abntnient on the onteide of 
the cnrve at chain point 11 + 00, fonls the abntment on the inside 
of the cnrve at 6 + 60 chaini^e. Of coarse, in appljing these plans 
to one another, it ie esBential to keep the tangent lines coincident. 
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Accordingly, as it «m evident ibat the 82-6 chain carve wea not sharp 
enongh, a Sl'76 chain curve was conalrncted with tlie same shift, aa 
ahowD dotted in Fig. 55a. The spiral for this new cnrve ia not shown, 
being almost coincidcat witli the fint Hpiral except close to the E.8., 




Thin has the sharpest curvature to be found in the existing curve, which 
occurs at chain point 14 + 00. When this curve was applied to plan 
(Fig. 65) it was found by sliding the B.S. along the tangent to a point 
at about 1'8 chainage, very good results could be obtained. The bridge 




abntment on the inside of the cnrve at 6 + GO was not fouled, and 
at ] 1 + 00 the other tight point, the cnrve almost coincided with that 
of the eiisUng road. It was also evident that no sluing would be 
necessary beyond chain point 12 + 00. In shifting the road to the 
position given by this curve, it was found that all sluing necesBar? was 
towards the inside of the curve, the amount at the various points being 
as follows : — 

OhaJo point S-f-OO ) inohea 

„ 4 + 00 4 

„ „ 6 + 00 9* „ 

6 + 00 lOl „ 

., 7+00 10 

8 + 00 71 „ 

„ „ 9 + 00 2i „ 

,,10 + 00 1 

,.11 + 00 1 „ 

„ ,,12 + 00 „ 

All tJiese are within the limitB pennisBible aocording to the Table 
from Field Notes. 
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Tho8 it can be seen the sbarpeat curvature fotuid in the existing 
curve is more tikelj to give the beat lesolta when spiralling an existing 
road. Bat it may sometimes be necessary to ose even a sharpei cniva 
This is generally necessary in the case of a reverse cnrve, where Uiere is 
little or no Mira^ht between the cnrves. In such a case by connecting 
two sharper curves by two transition curves, a 
A>lutioD to the difficulty may be found by varying 
the lengths of the tT&nsition curves, and if neces- 
sary, the oorvatare of the trial circular curves. By 
adopting these methods, wonderful improvements 
have been effected in the running on many existing 
roads in Great Britain, and in many places where 
coaches and tracks were liable to leave the metals, 
the tendency entirely disappeared. 

UbKFUL FOBUULiE WHER USINO VBBSINES 

ON Tbansition Cuevbs 
CaM 1. — Ohord partly on circiikir curve, and 
partly on transition (Fig. 5t)). 

V = Versine on trunsttion curve. 

V = Versine on circular curve. 
o = Offset from circular curve to transition curve 

at extremity of chord. 
X = OfTset from circular cnrve to truisition cnrve 

at centre of chord. 
Case 2.— CAorrf of 132' lies wholly tciihin the 
traiisilion, antl the offsets airs taken from tlie circular 
curve pTodveed (Fig, 57). 

V = Versine on circular curve. 

V = Versine on transition curve. 

, I =: Distance from circular cnrve to transition 
( curve. 



GaM Z.— Chord of 132' lies whollij 
within the transition curve, and the 
offstix are taken frem the straight pro- 
duced (Fig. 68). 
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Case 4. — Chord lies partly on 
(Fig. 59). 
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cireular curv$, and partly on 




Pia. 59. 

Let chord AG stretch from point G on curve OBLD to point A on 
curve FELA, and let KB be the required versine : 

Let L be the common tangeat point to both currea. 

Thiongh L draw PL tangential to both corres. 

Then Q A and QD are ofTgetfl to curves GBLD and FELA at disUnce 
LQ from tangent point. 
Then KB = HB (veraine for curve OBLD) mintw i (QA-QD). 

N^ th» minua au/n ~ becanse FELA ifl a flatter curve than OBLD. 



Useful Fokmuls tob Etbetday Use 
In applying the methods set out in this chapter, the following two 

cases occur frequently in everyday practice on some of the British 

railways : — 

I. Trandtion Gofyq oonneotlng a Straight with a 2(Mjhaiii 

RadiDB OoFTe.— (See Fig. 60.) 




ABBUming the Bnperelev^ion to be gained by 1" in 50' or 1 in 600, 
and the amonnt of it for a 20-chain curve to be -6' 

The length of transition curve L = -G x GOO = 860 feet. 

360* 



Then 3 (the shift) = 



2i& 24 X 20 X 6 



= 4-09 feet. 
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y (the offeet at any diBtnnce x from the B,9.) ig givea by ; — 



.*. at middle of tzsDsitioa cnrve y = 



(OBtetA to be taken at right angles to the tangent and tei^h 
meaaared along the tiandtion cnrre.) 
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II. Tpanslttoii Carres oonnflctin^ two oppMtta 90-Ohaln 
BadiuB CoFVes.— (See Fig. 61.) 

Here the BaperelevatioD od each carve == -6', therefore the length of 
each spiral from B.S. to KS. u 360 feet 

The distaoce D between 20-chain cnrrea at their nearest point B.S. 
= 88. ('.' for each spiral the offset to the circnlar carve from the 
commoa tangent is 4S.) 

Bnt S = 1-09 feet (see Case 1). 

.-. D = 8fl = 82-78 feet. 

This is very conveniently given by the formula — 

r> - ^'' ifl-^*l\ 

ii' Vu R/ [• The plus sign being 
nsed when the carves are opposite 
and the minas sign when in the 
same direction.] 

In this cane R and B* are eqnal. 

Alsoy =: — . 48 (as in Case 1) measured from the B.S. 

A convenient formula for aelting ovt tftese sjnral pomlt by deflection 
angles is (he following : — I>e6ection angle in minntcs to any chord point 
is given by — --, where N = number of chords betweea point where 

instrnment is set and the required point, L = length of chords in feeL 
For example, in setting ont a spiral for a 4° cnrve. Asanming 

superelevation to be 4 inches, the length of spiral will be 240 feet, and 

the lei^ths of each of the four chords will be GO feet. 

Thus the instrnment being set at the B.S. the deflection angle in 

minutes from the tangent to the third chord point (or ^ pt. of spiral) 



N^L _ .l^fiO . 



54' 



This formnia will not apply if the instrumeat is set up at the 
intermediate chord points. 
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CHAPTER X 

RAILWAY SURVEYING IN THE UNITED KINGDOM 

Ordnaitce Survey Maps 

Ths UDited Kingdom has been completely anrvejred tmi mapped by 
the Ordnance Surveys and a 6'inchea to the mile map of any pert of it 
oaD be obtained. Aleo 25-mch mape can be obtained of many parts of 
the conntry, more especially of thickly inliabited diBtricts. These maps 
are fall of topographical detail and the 6-inch maps show contours 
beginning at 50, then 100, 200 and intervals of 100 feet above 
ordnance datum. Por parts of the North of England and South of 
Scotland the 6-inch maps shov interpolated contoars at 25-feet intervals. 

All G-inch maps show ordnance bench-marks to one-tenth of a foot. 

The 25-incb (or 25*344 inches to the mile map) does not show con- 
tours, but all bench-marks, also frequent spot levels on the surface of 
many main roads are shown. 

On account of the existence of these maps and the difficulties 
imposed upon railway projects by property owners, the expense of 
acquiring land and the frequent governing points or the need of making 
the line pass near numeroug towns and vill^cs, the same attention is 
not paid to the contoars to obtain the most economical line, from the 
coostruotion point of view, as in little developed and uninhabited 
connbnes. 

PFflUmlnaFy tind ParllamentaFy Plans. — Thns it is that the 
reconnaissance and preliminary surveys in the ordinary sense are almost 
entirely omitted. The 6-inch ordnance map is accepted as the first 
preliminary plan and on it the first trial line ia projected. This is also 
convenient as the scale is suitable for Parliamentary plans, which most 
be first prepared with sections and estimates and submitted to Parlia- 
ment in order to obtain the sanction necessary before proceeding with 
the constructtOQ of the line. The bench-marks and spot levels upon 
the pnhlic roads (obtained from the 25-inGh map) are of great help in 
locating this first line, but the contoars being very far apart (100-feet 
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vertical intervals) a thoroogli and ezhaustive location cannot be 
effected. 

The offiu work necuaaryfor laying deten the first location line ts as 
foBows : — 

FiiBt obtain the ordnance sheete Bhowing the area through which 
the lise most pass, and onb them in Btripe abont 12 to 15 inches wide 
and mount them oo linen or paste them together. It is advisable to 
make sure thi^ the strip is wide enough and the centre line kept, at all 
points, at least 4 inches from the edge of the plan, especially if the line 
is liable to cnrve abont much. 

Location 

Tha Trial Looation In the Offloa. — The governing points are now 
studied and the approximate surface levels at them obtained. A trial 
line Toaj now be sketched In between these, by observing the gain or 
loss in height to be obtained in passing from one to the next. For 
example, if .a point B is 6 inches (or 1 mile) from A and 50 feet higher 
than it, and if it be asanmed that A is on the 200-foot contonr, five 
intermediate points can be located about 1 inch apart between these 
points starting from A. Each of these points can b« fixed respectivelf 
npon the 208, 216, 225, 238, 242 contours, interpolated between the 200 
and SCO, and a dotted line sketched in pencil throngh these points and 
A and B. The interpolation need onlj be done ronghly, as it assames 
a nniform slope between the 300 and 200 contours which probably does 
not exist. Similarly between the governing points B and C, G and D, 
etc., the dotted line can be extended, each one being the approximate 
surface line for the gradient between the points until a long length of 
dotted line is thus pencilled on. Now this dotted line winds about in 
part depending npon the forms of the contonr lines. But the located 
line must be composed of let^ths of straight and easy curves ; con- 
sequently, it is only possible to draw a system of straights and curves 
which will follow the dotted line as nearly aa possible. In this way a 
trial line ia jdotted on the plan which will probably indicate light earth- 
work if it follows the dotted line closely and heavy earthwork if it fre- 
quently departs from it considerably. Bnt as the contonis have only 
been interpolated this cannot be relied npon implicitly. 

Cheokliig the OfBoo Looation in the Field. —The plan should 
now be taken into the field and the line marked out on it walked over 
to check the assumed topography by comparison with the real topography. 
But before leaving the office the dotted line Bhoold have marked upon 
it the surface gradients i^ the different parts which it attempts to follow. 
A band-level will be f onud useful in occasionally checking the contours. 
When on the ground the form of the snrf aoe will suggest whether interpo- 
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lation wu suffimently accurate in skebcliing parte of contour lines. For 
ioBtance, if both the 200 and 300 contour lines on the plan curved in the 
aame direction for a certain distance the intermediate contours will 
follow them at aniform ioterralB, if the ground between the contoars 
slopes evenly the interpolated lines wilt be about correct. But if the 
surface between the contours rises in a convex curve the apex of which is 
above the trial line the important interpolated contonts are too far apart, 
the amount of which can be estimated on the ground and the dotted 
line corrected accordingly. Again, if the surface between the contours 
was concave above the trial line, the important interpolated contours 
ore too close together and a corresponding correction requires to be made. 
At all points where reduced levels are available the level of the trial line 
should be checked and also the interpolated contours near the point. 
These testing operations must be started carefully and some time spent 
over the first mile or two in getting familiar with the method of check- 
ing, and rough checks upon the degrees of accuracy obtained should be 
made, then the subsequent parts of the line will be checked more easily 
and quickly and the information obtained will be felt to be reliable. 
The governing points must be catefnlly investigated and the actual level 
of the trial line at this point obtained. This can be done Bulliciently 
accurately with the hand-level if a reduced level can be obtained within 
300 or iOO feet. The positions of a few 5 or 10-foot contour points 
on each side of the trial line, at the governing point, can then be marked 
on with advant^e. If the governing point is at a summit or point of 
highest level, any lower position for the trial line at this point which 
appears feasible should be sketched on the plan. Throughout this 
operation of checking the line positions are only determined on the plan 
by their distances from corners of fences and other prominent objects 
on the ground which are shown on the ordnance plan. This is 
Buiticientlyj correct for the purpose on account of the accuracy of the 
ordnance maps. 

If, as frequently occurs, in these operations the ordnance bench- 
marks shown on the plan are in mauy cases at a greater distance from 
the located line than about 600 or 700 feet, it la advisable to employ 
one or two levelmen. These levelmen, with surveyor's levels, and their 
Btaffmen, will start alternately at each of the more remote bench-marks 
and carry the reduced levels near to the located line, so that the checking 
surveyor advancing along the loc^d line may pick up these leveU with 
his hand-level and thns more accurately check his contours. In the 
practice of this method it is generally convenient for the levelman to 
wait near the line until the surveyor takes a reading on the colltmation 
line of the telescope or on the staff resting on a spot the reduced level 
of which was determined. The levelman, having thus provided a near 
bench-mark, takes up bis instrument and walks to the next ordnanoe 
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bench-mark from which he is to etart. Thiu the suireyor in goii% 
forward findB snificieat bench-marka provided for him to enable his 
contoar lines to be sketched in with considerable accuracy and much 
groond covered in a short space of time. There is special need for a 
fair degree of accuracy in the case of flat or gently sloping oonntiy, 
becanse there a change of a foot in level might mean altering the 
poaitioQ of the line laterally some hnndreds of feet. 

Parliamentary Plan Limits, — In this way the need of a topo- 
graphical plan showing contours every 5 feel may be temporarily 
obviated, and the position of the located line fixed sufficiently 
accurately for the Parliamentary survey which allows lateral freedom of 
300 feet on each side of the line in country parts, and 80 feet in towns. 
It also allows a change of level of not more than 5 feet in the connlry, 
and 2 feet in the town, from that sanctioned by Parliament. 

Gorreotin j tlie Offloe Location after CiiMkiog in the Field. — 
The additional data now obtained on the site in walking over the 
proposed line is taken to the office, and the dotted line corrected 
throogbont its length. Also, on account of fresh inforomtion abont 
some governing points, new surface gradient lines will retjoire to be 
dotted in pencil to take the place of those already shown, and on the 
plan thns modified a new line must be located following the dotted tine 
as nearly aa straight and limiting curves will permit. The effect of 
this line on existing works most be studied. Alt road crossingB most 
be examined to see if an under or overbridge will be required and 
consideration given to the effect the necessary headway will have on the 
level of the railway, or that of the existing road, or both. Thns the 
necessary headway in crossing public roads should be allowed for iu 
fixing the location line at this stage. It will frequently be found that 
this will seriously increase tha steepness of gradients and also the 
quantity of earthwork on the trial location, but as this location is 
abont to be modified these objectionable conditions can be in part 
remedied. 

Ruling Oradient. — Sufficient information should by now be 
obtained to fix the ruling gradient of the portion of line under con- 
sideration. This in»y have been already fixed, aa the portion of line to 
be constructed may be an intended extension of a section of line 
already in operation, the new part to be operated under the same 
conditions. In this case, nnleas what appeared to be the easiest ruling 
gradient obtainable was steeper than that required, the line would be 
located and the necessary Parliamentary plans prepared. If, however, 
the estimated railway gradient was somewhat steeper than that 
demanded, then a further trial location should be made, and a 
longitudinal section prepared from the plan. On this latter an attempt 
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should be made to locate a gradient line which at no place exceed in 
BteepnesB that of the Btipnlated rating gradient. This may be possible 
by increasing the earthwork and be perhaps improved hj a further visit 
to the site ; bat in some cases the attempts to reduce a natural ruling 
gradient would only be accompanied by a prohibitive cost of 
constraclion. 

Haximnm CaFyatore.— Uazimam cnrvatare mast next be con- 
sidered. If this has buen stipulated and the country is fairly easy for 
railway work, little difficulty should be experienced in keeping the 
curves up to the standard required, perhaps with a little additional 
cost of construction at occasional points. But if the country is ra^ed 
and moantainouB, the peculiar natural forms of the bases of the hills 
roaad which the line skirts will dictate what curves must be used and 
seldom will it be possible to modify it sufficiently to make the attempt 
worth trying. 

Curvature, especially sharp curvature, must be avoided on ruling 
gradienta, but if some curvature must exist on such gradients, compensa- 
tion for it should be made by reducing the steepness of the giudient 
thronghout the length of the curve. 

Locating the Line after Revision. — Now, having decided upon 
the rulii^ gradient and the maxlmnm curvature to be used, the nest 
operation is to locate the revised line on the plan. 

When the new dotted line corresponding to the gradients required 
fora line which will cross all roads at the tevcla of required headway 
aud also alt other critical points, has been cumpleted, a system of 
straights may be drawn in, by using a straight-edge, to follow tbe 
dotted line as nearly as possible, and where tbe straights change 
direction, corves within the limite of permiBsible curvature may be 
fitted to tbe straights. Boxes of railway curves made in transparent 
cellaloid may be obtained for all curvatures required and a suitable one 
for each case can be rapidly found to fit tbe topography (see Table 
XXII., p. 288). Great care must be taken in laying down the straights, 
to see they pass through tbe governing points or very near to them. 
If the line crosses a road at the full height required for headway and 
construction above the surrounding surface, material will be recinited 
for the embankments, which will not be provided if tbe loL'ated line 
hugs tbe dotted line too closely. However, as the bridge site is 
approached the dotted line, which is a surface line, will depart from tbe 
lo(»ted line considerably, running up along the high side of the surface. 
In order to provide material for the bridge embankments tbe located 
line must tend towards the high side of the dotted line. This rule 
generally applies in the cases of both an over and underbridge. Treat- 
ing the matter of following the dotted line by a length of located line 
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in a GommoD-sense maimer, the located line should strike &a average 
having aboQt equal areas between it and the dotted line on either side. 
AlthoQgh the located line laid doWQ quickly in this manner will not 
ensure the absolate balance of material for cuttings and embankments, it 
will give a distribution sufficiently approximate to prevent the necessity 
of any large adjustments being made subsequently, when the limits of 
deviation have bo be observed and, still more exacting, the 5-foot limit 
in levels. 

The LeTeU and Longitodlnal Saotion.— Where the located tine 
has been fully marked on the plan the leveluian must take it on the 
ground and take a line of levels along it. Before doing this the 
eoDtinnoos chainage should tie marked on the line at every point where 
it cuts a fence or object easily fonnd on the ground. This can ba dono 
sufficiently accurately by scaling on the plan. The object of having 
these chainages marked oa the plan is to enable the levelman in making 
his notes to assign ita chainage to each level taken by him. Many of 
his levels may require to be taken at changes in the sorfaoe the positions 
of which have to be determined by taping from their nearest points 
on the plan at which chainages are given. Thus the data for a longi- 
tudinal section of sufficient accuracy will be obtained, the levels being 
checked on every bench-mark which exists within reasonable range of 
the line. In order bo place himself on the line marked in pencil on 
his plan, it will frequently be necessary for him bo scale from the nearest 
comer of a field or from a gate shown on the plan or some definite 
object easily recognizable both on the ground and on the plan, and tape 
the distance oa the ground. For this reason it is as well for him to be 
provided with a scale to be used on the plan. In getting the levels for 
this longitudin&I section the levelmau is not expected to take levels at 
every chain length as on a pegged-ont line, but only at occasional points, 
ua where the line cuts the fences and points of decided change in the 
slope of the ground. All point* where roads, rivers, or other railway 
lines are crossed must be shown accurately on the section. 

The data now obtained in the field will be taken into the office and 
the longitudinal section plotted to the same horizontal scale as the plan, 
and a vertical scale of 100 feet to an inch. • On this longitudinal sectioa 
the gradients are now fixed. Special care must be given to this work 
in order to improve the line as much as possible. But if at any point 
there is doubt about being able to secure so flat a gradient as is attempted 
on the section, it is better to show the steeper gradient and improve it 
afterwards than to show the flatter gradient and then find it impossible 
to establish it on the ground with the gradient limits permitted. 

The Government Standing Orders eay gradients may be diminished 
to any extent, gradients flatter than 1 in 100 may be made steeper to 
the extent of 10 feet in a mile, and gradients steeper than 1 in 100 may 
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be made steeper to the extent of 3 feet in a mile or to anch farther 
extent as maj be authorized by the Board of Trade. 

Parliamentary Plans.— These are naually prepared from the 6-incb 
ordnance plan on which the line has been located by tracing. The 
Stniidinf; Orders require the plan to be to a scale of not leas than 4 
inches to the mile, consequently the fi-inoh plan will serve the parpose 
well. But every garden and building must be shown to a scale of 400 
feet to 1 inch. Accordingly it is customary to show tliese to the 
required enlarged scale below the general plan, but above the longi- 
tudinal section which is also shown on the same sheet beneath the plan. 
If much of the land tlirongh which the 600-foot wide SLrip passes 
includes gardens and buildings it may be convenient to make the whole 
general plan to a larger scale, say the 2r)-iDch ordnance. A dotted line 
usually marks the limits of deviation (see Fig, 2C, p. 180). Within the 
limits of deviation each field, garden, building, road, etc, must be 
marked with a reference number on the plan, and the numbers are also 
entered in a book together with the owner's name and a description of 
the property. The chainage must be marked on the plan in miles aud 
furlongs. The longitudinal section shown under the plan on the farlia- 
mentary sheet is also prepared by tracing from the longitudinal section 
already prepared. This also conforms with re(]nirement8 which are : — 
The section must be drawn to the same horizontal scale as the plan and 
to a vertical scale of not less than 100 feet to an inch and must show 
the level of the ground, the level of the proposed work, the greatest 
height of every eml>anknient, the greatest depth of every cutting and a 
horizontal datum line which shall be referred to some fixed point, near 
one of the termini. The distances must be marked in miUt; and 
furlongs to correspond with those on the plan. The rate of inclination 
of each gradient must be shown, and the vertical height of the rail level 
above datum at each change of gradient and at the points of conuncnce- 
ment and termination of the railway must be marked on in feet and 
decimals of feet. 

Where the line crosses any public road, river, canal or railway, the 
difference in the heights of the respective surfaces must be marked on 
in figures and if a surface ia altered the amount it is raised or lowered 
must be marked on, also the span and headway of each bridge. 

There are many other regulations in the Parliamentary Standing 
Orders which will need to be studied before railway Parliamentary work 
should be undertaken. Also it will be as well to study the requin>raenls 
of the Board of Trade, many of which have important bearing npon the 
surveying and "setting out " work. 

Thfi Estimate. — An eatiuiate of the cost of the railway must be 
provided on a special form which requires the unonnts of earth* 
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work in cnttinga ia varioDs matcriala, the cost per cnbic yard and total 
cost; 

The nnmber of cnbic yards in embankments and cost ; 

The number and cost of bridges, also of accommodation works ; 

The amount and cost of the permanent way, also of land and build- 
ings. Nnmerous other headings are provided so that the estimate may 
be as complete aa possible. 

Final Locatios 

When sanction has been obtained for the Parliamentary Scheme, 
more accnrato work must l>e done in determining the best position for 
the line from the point of view of economy in constrnction. 

As the Parliamentary line was laid down with some care on acconnt 
of the restrictions to ite being altered very much afterwards, it may be 
nsed as a base line from which to take rough cross-sections. 

If the 25'inch plan was used as a Parliamentary plan it can be used 
for showing the contonrs, bat if the 6-inch plan was used upon the 
Parliamentary Scheme, a 2.'i-inch one must be prepared and the Parlia- 
mentary line plotted on it. 

These plans shonid be cut in strips from 12 to 20 inches wide, 
monnted on linen and folded in book form. The 100-foot contonrs 
from the ordnance map must be plotted on this plan. 

Field Work. — The plan must be now taken into the field and the 
centre line poled out, a few lengths at a time, small pegs being osed to 
mark their positions. There is no need for a theodolite at this st^e, 
as the ranging poles can be lined in by sighting from one end. The 
position of the line will be determined by scaling on the plan from 
recognizable points on the ground and taping off the distances. No 
continuous chainai;c need be made along this line, bnt points where 
cross -sections will be required should be marked with pegs. The 
positions of these must be taped on the ground to the nearest object 
shown on the plan, so as to mark them with some degree of accuracy. 

It is advisable to number tbem, as their continuous chainage is not 
determined. The levelmau now takes levels at these points, entering the 
nnmber of the peg and its level in the b^'el book. When a number of 
these levels have been checked on the nearest bench-mark and their 
reduced levels worked out, cross -sec lions may be taken with a hand- 
level, staff, and tape. Only contour levels are required on these cross- 
sections, the reduced level of the centre point being known. As the 
deviation lines are at 300 feet on each side of this centre point no con- 
tours need be fixed beyond that limit, and generally it is sufficient to fix 
two or three on each side of the centre and estimate the positions of any 
other by clinometer or by eye. 
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Plotting tha Topography tn the Field.— The method of Bxing con- 
tonn haa been described on pp. 51 and 52. In tbia case it is not necessat; 
to plot them oa sqnare-niled paper, as tbey can be plotted directly oa 
the plan. Fine pencU lines shoald be drawn on the plan parallel to the 
deviation line and at 100 and 200 feet respectively from the centre line 
OD each side of it. With the help of these lines the positions of contour 
points taped from the centre can be estimated by eye. For esample, if 
contonr 1)5 occnrrod at 34 foet it can be dotted in at one-third of the 
distance between the centre and the 100-foot line. Similariy 58 feet 
is as mnch inside the two-thirdB mark as it is beyond the half-way dis- 
tance. The distance on a 25-inch plan between tiie centre and the 100- 
foot line is less than half an inch, consequently little skill is required in 
placing these contonr points in their approximate positions by eye. It 
is not necessary to mark at these dots on the plan the contour levels 
except on the first section taken, ns at each subsequent section each con- 
tonr line will be sketched on the plan from its position on the previous 
section whilst the topographer is looking at the ground, thus completing 
the sketching in of all contour lines up to the section just taken. As 
sections in ordinary country will only need to be taken on an average 
every 300 or 400 feet, this work can be done very rapidly, 3 or 4 miles 
being easily completed in a day. 

Final Looation of the Line.— When 20 or HO miles of line have 
been prepared in this way on the plan, the final location of the line can 
be determined in the office by trial (see p. 6G) and the gradient lines 
fixed upon the longitudinal section plotted from the plan as described 
on p. 68. Ill performing this location care must be taken to keep 
the final line very close to the governing points on account of the limits 
imposed. The balancing of cuttings and emhankmentR by some method 
of distribution of material must be decided at this stage. When this 
work has proved satisfactory the next operation is to peg the line out 
on the ground. 

Pegging-oat the Centre Line. — This operation is performed by 
taking points ou the located line on the plan, the positious of which 
can be cosily fixed on the ground by menanrement from near prominent 
objects such as the comers of bnildings or other objects or fence-lines 
and marking out a number of these i)oint'4. As many points on each 
line as possible should now be fixud in this manner ou the ground uid 
ranging poles set up at them. For each length of straight the com- 
plete set of points should be dealt with at once. When sighting along 
the line of these poles it will be found that they are uot all iu Hue on 
accoont of the scale of the map and the metiiod which had to be resorted 
to to fix them. An average liue through them must be adopted, some 
being moved a little to the left and othere to the right. If the Itae is 
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a long one, and Tisinfr groaad near tbe centre prevents their being all 
seen from one end, the; most be obBerred from the highest point and it 
will be neceeaary to set ap a theodolite at thiB point for the pnrpoae. 
No poles mnst be changed until the two parU of the line are sighted 
npon by the instmment, which must be in good adjoatment on account 
of the risk of attempting to prodoce a stniight line by tranaitiDg the 
telescope. If it should bu fonnd that tlie position selected for the 
instmment does not give a good average line for all the points, it most 
be moved to the right or left. But before doing bo, an oliaervation 
should Ik made to determine by liow innch the inatrunient should be 
moved in order to avoid making too many trial settings-up. 

When tffo lines of straight have thus been langcd out and the 
ranging poles adjusted into a good lioc, tlicir point of intersection must 
be carefully fonnd and a large sijuare peg driven at it. The instrument 
will now be set up on this and sighte taken along both lines to check 
the accnrncy of the inbcrsention point. Chaining or taping witli a steel 
tape can now be started from the beginning and large square pegs 
driven flush with the ground every GO feet at points accnrately lined 
in by the instrument, the positions of tangent points for the carves 
must be calculated, and the cnn'es ran in on the ground an de9cril>ed 
in Chapter VII. The radius of the curve on the plan was determined 
by scaling, but it may be found this does not exactly fit the topography 
on the ground as it appeared to on the plan ; consequently it may be 
neceasary to change it. This should be done at once so that the con- 
tinuous cbaini^e may be correct. Until the levels and cross-sections 
are taken it will be advisable to mark every 66-foot station on the 
right side of the peg with a label of wood, on whtoh is marked the 
cliain^c, driven in a few inches into the ground. In tliis way the whole 
line will be set ont on the ground. The pcgR used for station points shonid 
be 2 inches scjuare and about 18 inches long. At pointe of intersection, 
which should always he preserved tangent points and intermediate 
points in long lengths of straight, tbeae pegs should be centred by 
having a small flat-headed copper nail driven in them. Tangent points 
should be marked by guard pegs one on each side of the centre line, 
driven a few incheB from the peg with their points sloping towards it 
and should be left projecting 2 or 3 inches above the ground. All 
tangent points should be marked by reference pegs, see p. 9G. 

Completing the Sunrey.—The centre line pegged-out on the ground 
now serves the purpose of a base line or traverse line from which meaaore- 
ments can be taken to any new artiflcial topography not shown on the 
25-inch plan and thus enable the latter to be brought up to date. For 
these and the following data a field book is now prepared. The 
chainages of all points cut by the line such as fences, roads, eti^, are 
also recorded, and complete surveys made of the sites and approaches to 
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all bridges and of the areaa wibbin which road or river dirersionB are to 
he made or at points where any special stractaral work is to be carried 
oat. 

The Longitadinal Seotion.— Levels are taken on everj peg 
driven on the line staked oatand atintermediate points where the surface 
changes. Bench-marks are also fixed about every half-mile on tree 
trunks or other objects beyond the possible limits of earthwork so tliat 
they will be pi'escrved during conatruction. The section is now plotted 
to the j^ or 25'844 inches to the mile scale for horizontal lengths 
and ^0 feet to an inch for vertical heights. Upon this section a 
final gradient line must be laid down, and wfacn the cross-sections are 
taken the actual amount of material in cuttings and embankments can 
be studied and the manner in which the material shonld be distributed. 
(For the most systematic way of dealing with this see pp. 75 to 82.) 
It will probably be found that the line conforms very nearly with that 
required, but here and there a little revision will be necessary. Great 
economy results from even small revisions, so no attempt to stint the 
time spent on revisions is advisable, as it is very onlikely that the cost 
of the revision will approach anywhere near the saving in the cost of 
constrnction. 

Any parts which hare been revised on the plan will need re-setting 
ont on the gronnd, and all tbe subsequent part of the line may need 
re-pegging or re-numbering to make the cfaainage correct. 

CrosB-Beotlong. — These need not be taken at every chain peg unless 
the ground is very irregular, but even then more satisfactory results 
are obtained by taking them only ab changes in the surface of the 
ground or at points which will give a fair average change of the actnal 
surface. Tbe level on the centre line of each cross-section must be 
taken if its reduced level is not already obtainable from the longitudinal 
section. 

The cross-sections shonld be plotted to tbe same vertical scale as 
the horizontal scale to facilitate in calculating their areas. 

The side slopes and formation lines in cuttings and embankments 
must also be plotted on these sections and sometimes the positions of 
tbe fence lines are shown. Side ditches must also be plotted on. 

Any revision of the line will probably be within the limito of the 
surface cross-sections, the formation line and side slopes being corrected 
to suit the new line. 

The WoRKiNQ Drawings 

Plan and Longltndinal Seotion. — When the croas-sections have 
been corrected the new positions of the fences should be marked on 
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The half-widths or diatancea from the centre line to these od each side 
will be scaled off on the 25-iDGh plan and marked for every croSB-section 
taken, A line is thea dotted in, connecting these with a smooth cnrve, 
thns showing the railwaj boandaries on the plan. The chain^e is 
marked in miles and erery 5 or 10 chains, bnt a tick is made on the 
aide of the line for every cliain point. The chainages of tangent points 
are also nsnally marked on and the nnmbur of chains ladins for each 
carve shown on the plan. Where bridges occur a reference is generally 
given to the number of the drawing giving details. The chainages of 
the bridges are generally mentioned, each one being described by ita 
cbainage, e.ff. tlie bridge at 3 miles 49 chains. 

Any other Bi>ecial works, for example diversions, accommodation, 
works, etc., are generally described in a similar manner, and if a special 
drawing is provided, its number referred to. Fig, (12 gives a short 
length of working plan used iu the constmclion of a railway in the 
south of England. 

The longitudinal section corresponding to the above-mentioned 
plan is shown on Fig. 63. The chainage on these sections is marked 
the same as on the plan, the horizontal scale being the same for both. 
The vertical scale is .'10 feet to an inch. This working section is 
prepared from that already described by tracing. All levels are 
referred to the ordnance datum, but the datum along the base of the 
plan is probably only tO or 50 feet below the lowest point to be found 
on the surface of the longitudinal section. Vertical lines are drawn at 
every chain point and on tliew; is marked thy surface level and 
immediately above it the depth of embankment, if any, is given. A 
correaponding space above this is used for giving the depths of cutting. 
The chainages of all bridges, occupation \;'arka, etc., are marked on the 
section on vertical lines above the surface line. Where the levels of 
roads crossing the railway are changed or new road -approaches to be 
made to bridges or occupation bridges, a section of the road showing the 
amonnt of embankment or cutting at each chain point on its centre line 
is frequently given on the longitudinal section above the general section. 

Gradients are marked on in the nsnal miinnor and also the amount 
of change in feet per chain. For example, a gradient of 1 in 132 
would also be given as '5 feet per chain. This is very convenient to a 
foreman in cliarge of an excavation gang, as in such a case he can 
bone-in his formation levels by raising bis flights six inches at each 
chain point, without any calculations. Points of change in gradient 
are marked by a double dotted line. The chaiuagea of tangent pointe 
are also marked on the working section. The amount of material or 
volume of each cutting or emlmnkment is marked above it on the 
section together with its number, the width of the base at formation, 
and the slope of the sides. 
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CHAPTER XI 

SETTING OUT WORK FOR CONSTRUCTION 

The first demand upon the rexidenb eagineer or his asaietant, when 
storting conBtruction, is made for slope stakes, commonly called " letter 
pegB " Id this country, unleas these pegs have been fixed when crosa- 
secbioDS were made. It is cnstomarj to provide the foreman excavator 
or the " walking ganger " with a copy of the workii^ longitudinal 
section on a roll of tracing cloth or in book foim. This section 
provides him with the depth of cutting or embankment at each chain 
p^ and also the rate of gradient per chain, so that he can set np sights 
for boning-in his formation levels. He checks his depths by measure- 
ment at each station peg, comparing them with those given on the 
longitudinal section and can detect any appreciable error in the level of 
a chain peg by the depth at it not agreeing with that given on the 
section. When his gang has started to take ont the centre width of a 
cutting, especially if the depth is not large, he will require immediately 
batter pegs at each chain-peg section. These pegs are at pointa on the 
surface where the side slopes outcrop. When the formation is excavated 
to its full width, the slopes will be excavated true to slope by means of 
batter rules, but the l>atter p<^ on the surface are essential to check 
the accuracy of the batter rules. They are also frequently used to 
enable some members of the gang to be engaged dressing the slopes 
down from the top, whilst others are dressing them np from the bottom. 

Batter Pa^ or Slope Stakes.— ^Fig. 64 shows a cross-section of a 
cutting, AED being the natural snrface of the ground, in this case 
considered level. E is at the centre peg or chain point. F vertically 
below E, is the centre of tlie cutting at formation level, BP and CK 
being the half-widths a. 

BA and CD are the side slopes, their rate of slope being S. That is 
GB ^ Q ^ CH 
. GA ' I)H 
EF = depth d. EA =bi the left half-hreadth and ED = br the right 
half-breadth. 
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Since in thia case the aarface is level £A = ED. 

The rate of slope 8 is commonly expressed as 1| to 1, 2 to 1, ^ to 1, 
or some each ratio, the fint figare of each ratio repreaentmg the 
horizontal distance and the second the vertical height. A list of these 
mtioB for different mHteriala is (;tvea on p. 195. 

In Fig. 61 since the ground is level Afl = BF = rf 

.-. GB = R.AG =S</ 

.-. bi = KA = (iB + BF = S,/ + ff 

Similarly in tbia caw hr = f^t-n 

Therefore if it is known that the sarfiice ABO is level the batter 
pp^n4 at A and D am be easily fixed l>y tuping from E a distance equal 
to a, and adding to thif! a length etiual to the depth X slope. 




For example, if the depth of catting at B is 8 feet and the side 
slopes at 1^ to I, and if a the half-width is 15 feet, AE = 15 + 8 x 1^ 
= 27 feet and the points A and D are each at 27 feet from E. 

However, it is usually ditlicnlt to say at a glance that the snrface is 
level, consequently it is customary to take a reading with a level on a 
stalT placed on E, and if the gronnd looks level to calculate the half- 
breadth for a level surface and test the reading on the staff al the 
point so fonnd. Then, if the reading at A is fonnd to be so very nearly 
the same as that at E that a movement of two or three inches out or in 
will adjust it, do further work will need to be done in fixing the 
batter pegs. 

Under similar conditions the pegs marking the toe of the slope of 
an embankment may be fixed by a similar operation, the distance ont 
from tiie centre p^ being : the half-width at formation together with 
the depth multiplied by the slope ratio, the condition being the snme as 
in Fig. 64 inverted. 

Batter Pe^ on Side-slope OroQild. — But when the surface slopes 
from one aide to the other, the operation of finding the position of the 
batter pegs is more difficult. 

In Fig. Co the surface slopes from T) down towards A, consequently 
the side slope CD must extend a longer distance to reach the surface at 
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I> than in the case of the level section ; whilst on the down side the 
slope from B, instead of extending to a point A on the same level as £, 
is met bf the Borface much sooner and consequently AB is n shorter 
" half-breadth " for the same depth d, than in the level section. In 
this case the half-breadth ED cannot be given us n + St/, because 
DH>rf. 

The operation of fixing these points is as follows : — Set np the level 
at a point from which it will be possible to get a reading both on the 
high side, as RD, as well as the low side QA, and now read the staff on 
the peg at E. Let this reading be r, then the height of the instrument 
or collimation level above the formation is equal to d + r and the 
horizontal disUnce ED = a-|-S(rf + r- yj). Similarly EA = a + 8 
{li + r — yi). Now, in attempting to fix the point D for the batter 




p^ on the right a length greater than that for a level section is tried. 
For example, if ED, for a level section, was equal to 27 feet and by eye 
the surface seemed in that distance to rise about S feet, if the side 
slopes are at IJ to 1, a distance equal to 27 + 3 X li^ = Sl-5 feet 
might be taken as a first trial breadth, though the very fact that the 
ground is rising suggests that in the last ii^ feet the surface level will 
have changed suSiciently to require a, further extension of the half- 
breadth. If the ground continues to rise at the same rate, say a feet 
in 27 or 1 in 0, in i^ feet the ground will rise -5 feet, which will 
demand an additional length of -5x1^ = '75 feet or 9 inches. 
And again, in the diHtonce 9 inches, the ground rising at the same rate, 
a further change of 1 inch in level will occur which will demand a 
further extension of 1| inches in length. Although the half-breadth 
should still be extended if mathematical accuracy is to be obtained, in 
fact this system of additional lengths is an infinite series, do practical 
advantage can be gained in so doing, and when it is seen to be within 
an inch or two of its correct position the peg will be driven 1 or 2 
inches farther ont without further testing Uie surface level. In the 
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above case an expert vonld probably try 1 foot more than 81' 6" aud 
thna hit off tbe correct poeition to an inch on the first trial, that ie 
provided a level was taken at 27 feet giving 3 feet difference. 

Battar Pe^ on UnifOFiiily Sloping Ctround.— Although it is 
not recommended to make a practice of determining the average slope 
of the ground, on account of its tending to delay operationa, still on 
uniformly sloping ground the true position of the batter peg can be 
accurately calculated after taking level readings on the centre peg and 
one other point, either at the first approximation to the batter peg 
point or at the distance for half-breadth of a level section. The 
distance tried divided by the difference in level gives the anrface slope. 
Then the distance tried divided by the surface slope and multiplied by 
the side slope gives the additional distance out to be tried. 

llins if I = the distance tried and / = , — r^ t tte total length 
-' surface slope ° 

is the sum of the following geometrical series : — 

Total length = 3 ■= I + 1/ + ip + . . . + If"' 
The sum of this series is S = ■ ~rz_f 
But as/ is a fraction, generally small, and » is co , the snm becomes 

This formula can accordingly be used for determining the distance 
to the baiter peg point. 

For taking the example jost given — 



.-. 8 = J _-T = i|3 = 32-4' 

which is the correct distance from the centre peg to the batter p^. 

In above example the trial method gave for the first four 
terms of the series 27 + i-S + "75 -(- '125 = 32-375, which gives a 
total only i of an inch less than the correct total 32-i. 

It must also be noted that the liret three terms give a total of S2'23, 
only 2 inches less than the correct length 3:i'4. 

However, unless the side slope of the ground was very uniform this 
method, i.e. using the formula, will prove of little advant^e, the 
common and most convenient method being that of finding the first 2 
or S terms of the series or what may be called the trial and error 
method. 

Guieral Ppoblem of Locating Batter P«^ — The following 
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example will illualrate moet clearly the general method of locating 
batter pega : — 

The centre depbh ia 18-6 and the half-width is 10 feet (see Fig. 66). 
Therefore for a level section the half surface breadth will be 10 + 18*6 
X 1^ = 10 + 27-i) = :i7-9 feet. Having calculated this amount, a 
glance at the surface may suggest a change in level of 2-5 feet at this 
iliBtancc, thus requiring the distance to be increased at least 8'5 x 1$ 
= 8*75 or gay a total of 42 feet. At this point a reading of 6'3 is obtained 
or a difference from the centre = 10-2 — 63 = SO. Now 8-9 will 
require 8-9 x 1^ = 5-8 feet in addition to 37"9 or 45-7. Thus even at 
43*7 it may be expected the surface will have risen more than at 42, eay 
1 foot, tbne making a length of 4i>'2 still too small. It is generally 
advisable to try a couple of feet more, say 47. At this distance the 
reading is 8-5, giving a difference of 6*7 and requiring the distance from 



the centre peg to be 37*9 + 6'7 X 14 = 47'9 or about a foot more 
than that taken. It is now very near the point, though the groand here 
is changing level rapidly. The change in level cannot be more than 
6 inches in tlie next foot, so 49 feet ou^ht to determine the tme 
position. At this distance, the reading ia 27, giving a difference of 7'5 
or requiring a total diatanee of 87*9 + 7-5 x li = 379 -t- ll"2fi 
= 49-15 or 40' 2 "; withunt taking further level the p^ would be fixed at 
49* 8", giving 1 inch extra for any additional rise in the last three 
inches. 

This may seem a slow operation, but to one accustomed to perform 
SQch work, it will he done very rapidly ; also a section rarely occors 
where 8 levels will require to be tried as in this case, the ratio of slope 
on the same side at a number of chain points tending to be the same 
and thus enabling the true position for the peg to be found frequently 
within 6 inchee at one trial. 

On the low side in tbe above example it will be found that the trial 
breadths will tend to overrun the point and a shorter one may require 
to be tried to approach the trne position. 

In the case of embankments the operation on the low side is very 
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similar to that od tbe higli side in cuttings, the difforance in level 
between the centre and the trial point snggestiiig hovr mnch farther 
than tbe level section balf-breadth the point most be carried oat. 

The case of half cuttiag and half embankmetit shoald be carefully 
observed. In Fig. 67 the centre depth shova embankment only and 
the left batter peg will be set out in the ordinary way. Bat on the 
right it will be fonnd, if not observed before, that the difference in 
tbe level of the centre peg and that of tbe trial level section point is 
greater than the centre deplii of the embankment, and consequently the 
point on the sarface is above formation level instead of below it. It is, 
then, advisable to find the point on the sarface irtiere the difference in 
level is the same as the centre depth. This point is the intersection of 
the surface with the formation level and shoald be marked with a p^, 
as it ia nsef ol in marking where embankment changes to catting. Then 




in fixing the batter peg a trial level at the half-width a, will suggest by its 
height above formation level how mnch farther out the probable point 
shoald be found, the operation being then the same as for ordinary 
oattings. It is strongly recommended to draw a sketch of the croas- 
sectioD, if any doubt is felt about the locating of this point. 

The operation of finding batter points by the method here set out 
may not seem to some to be very scientific, but the reaalta obtained are 
those which are required and the speed in obtaining them is surprisiogly 
greater than the description of the process would suggest. 

Other methods for which fonnnlse are obtainable are dependent npou 
the sarface slope being determined. But as this slope may change 
several times in one cross-section the operation becomes very comber- 
some and liable to error. 

Blope Stakes for CattingB in two kinds of Material.— In 
setting ont slope pegs care must be taken to find out if there is any 
likelihood of tbe nature of the material changing in the fall depth of 
the cutting. Fig. 68 shows a depth of clay at the sorfaoe overlying 
rook. Partly a gnard against each a condition occurring without being 
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aoticipated and tbiiB not prepared for, it Ib usual to excavate a central 
gullet not wider (generally mucli narrower) than the formation width 
do;rn to 6 incheu or 1 foot above formation [but chiefly to enable 1 or 
2 wagon roads to be made for the purpose of facilitating the removal 
of the excavated material]. This reveals the nature of the material 
down to formation. 

If rock is struck, as in Fig. 68, it will be necessary to clear the top 
surface of it for a width a little greater than the formation width and 
greater still as the depth of rock increases. On this cleared sorface 
levels will need to be taken to determine the true depth of the rock to 
formation and then batter pegs (or iron dogs) driven into the i-ock at 
the batter points for the rock side slope (Jto 1 in Fig. 68). The clay 
slopes are supposed to start 2 feet back from these points and run at 




their natural slopes up to the top aorface. This 2-foot bench or berm 
is provided to prevent the clay slope tending to slide over the edge of 
the rock. [It is usual to provide a wider bench than 2 feet if the clay slopes 
are not sown with grass seed.] The calculation for the position of the 
batter peg on the anrface of the clay is made by determining tbedilfer- 
ence in level between the surface of the bench 2 feet back from the rock 
batter peg and that at the trial pomt on the surface of the clay and 
molliplying by the rate of slope in the usoal way. 

If batter pegs had been originally pnt in for clay alone, their positions 
in cuttings especially deep in rock will be much farther out from the 
centre point than the correct pegs. Oare should be taken to remove the 
original batter pegs, in case any mistake should be made in trimming 
down the clay slopes from the top. 

Sqaarlng off for CrosB-BflCtiODB.— The operation of squaring off 
at each chain point is usually performed by means of a cross-head or an 
optical square, ranging poles beii^ put in on the line of the cross- 
section. In squaring off on a curve the tangent offset for a chain length 
should be calculated and a ranging pole fixed at that distance from the 
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next chain peg on the outside of the curve- The cross-bead is then 
made to sight on this pole aud the ujuare line marked out at right 
angles to that direction (see p- 300). 

Taking and Beoording CroBB-BMttions Notes.— If accurate crusa- 
sectioiia have not already been made of the railway, limy c^ii be quickly 
taken at the same time aa the butter feg» are being fixed. Tht-se may 
be recorded ua shown in the table below, chain^cs being written from 
the bottom of the page upwards. 

Plenty of space shoald be left for the crosH-sectiuii part in the table, 
as in the event of the ground being very irraguJiir a number of surface 
{vointe will need to be taken. Fig. G'J shows u cross-section at u)iain 17 




in the table. By comparing dimensions shown on figure it will be seen 
that the distance oat from the centre on each side and ttie level at that 
distance are represented in the table in a fractional form, the distance 
being in the nnmerator and the height from formation in the denomina- 
tor. This is marked by a + sign when the poiut is above formation 
us in cnttingB and by a — sign when below formation in embankments. 

TABLE xm. 
FoBu OF OnoBs-BBonOH NoTBB. 



Clulu 


SnrbM 


Formrtl™ 




c™™™,. 


poIuL 


level. 


210-2 


l^R. 


Centre 


KlghU 


21 


203-9 


27-3 


- 6-8 


19-6 








-8 2 




-3-i 


SO 


20C-8 


209-6 


21 9 
.^4^6 


- 8-8 


17-1 

+ 1-4 


19 


909-6 


209-0 


16-2 

- '-8 


+ -6 


28-4 

+-6-6 








20-7 12-1 


+ 3-7 


19-6 28-2 


18 


312- 1 


S08-t 


-I-8-8 +4-0 


+ 6-6 "+8-8 








22-0 100 


+ 7-6 


6-6 31-G 88-0 


17 


215-3 


207-8 


+ 4-6 +7-9 


4-6-4 +8-2 +12-0 








23-8 6-0 


+ 10-7 


18-0 81-5 


16 


217-9 


207-9 


+ 6-6 -l-U-3 


+ 7^ TTo 
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These notes Bhould be entered on the left-hand page of the field note- 
book, the right-hand pl^(e being nsed for calcolattons, trial levels, et& 

Safe Ratkm of Slopkw in Cuttings ls Diffebh^nt AIatbeials 

Material. Bate ol slope. 

Compact earth and wull-dniined clay . . . l^ to 1. 

Dry London olay 2tol. 

Wet clay From 2 to 1 to 4 to 1. 

Dry Band From 1^ to 1 to 14 to I. 

Gravel From 1 to 1 to Ij to 1. 

Solid rock (with strata act dipping into the 

cutting) i to 1. 

Solid rock {with strata dipping) .... From ^ to 1 to ^ to 1. 

Soft and loose rock From J to 1 to j to 1- 

Ohalk From 4 to 1 to 1 to 1. 

In embankments the slopes in most cases are the same as above. 

Bock, however, is nsnally tipped at ^ to 1 to 1 to 1. 

Fixing Fence Pe^ — These are usually driven at a fi.'ied distance 
from the top of the slope in cuttings and the bottom of the slope in em- 
bankments. This fixed distance varies for diffei'cnt railways and under 
different conditions from about 6 to 12 feet. It is customary to have a 
wider strip, say 10 or 12 feet, inside the fence on the hi<;h side for the 
purpose of providing a side ditch to carry off the surface water. This 
is imperative in the case of embankments. 

Fence pegs should be set out by measuring the fixed distimee from 
the batter pegs. As in nudnlating conntry batter pcsgs follow a very 
winding course, the fence pegs, as set ont, will not form a very good line. 
Cotisec)ueatly, ranging poles should be set up at the fence im^n as set out 
and a number of them at a time eyed-in to form a line of uosier curves. 
This is done by moving some oat a Httle and others in so as to enclose 
about the same area as before. 

Borrow Pits. — Borrow pita take various forms. The material 
required is sometimes obtained by widening a cutting, in which case the 
additional batter pegs will require to be tixed in the ordinary way for 
the increased width. It will be necessary to take u cross-scctiou of the 
enrface so that the amount of material obtained from the e.\tra width 
may be known. Again, the materiul to form the embankment may be 
obtained from side cuttings or trenches as shown in Fig. 70. 

These must be separated from the toe of the embankment by a 
sufficient apace or berm not less than 6 feet, being more for high em- 
bankments. They should be regular in form and drained if possible to 
prevent water standing in them. Batter pegs marking the tops of the 
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side alopex of bbein uhould Ira liel out at the saiue time as those for the 
embaDknient, also levels for tlie crosB-sectioDs should be taken over tlie 
anrface if irre{;ular and the depth of eieavation from centre pegs fixe<i 
for each treneh to ensure a nniform full from one chain to the next to 
enahle them to be properly drained. Care must be taken in fixing these 
centre pegs to ensure that the berm is kept snfhcientl; wide at ever; 
point. 




Setting Out Bridge Fodkdatiomb 

Fixing the Centre Lines. — Before attempting to mark oat the 
ground for the excavation of a bridge fonndatioD, both the centre 
line of the railway and the centre line of the road or river must be 
accnrately fixed. No pcf^s existing on the ground as centre pegs must 
be accepted as correct without very carefully checking the hue. The 
centre line of the road must also be carefully fixed. This may involve 
a considerable amount of work, as even the line of irregular fences 
along a load must be averafjed and the raad tested for its correct width 
on both sides of the proposed bridge before any attempt to fix the 
correct centre line can be made. Nothing throws more discredit upon 
this " setting out " work than that the face line of the bridge, instead of 
being true to the direction of the road, should run oblique to it, thus 
making the finished line of road after construction follow the proverbial 
" dog'a hind leg " alignment. After caref ally determining the true centre 
line of the road at the centre of the bridge pegs must bedriven to render 
it as permanent as possible. If these rei^uire to be in the surface of 
the roiid, iron dogs or larg4 nails will be needed in order to make it 
possible to drive them. When driven the true line should be marked 
on the top of them with a file. At least two should be driven in each 
direction from the centre of the bridge (see Fig. 71), one in each case 
being as near as possible to the bridge for convenience in " setting out " 
work, and the others at a greater distance to ensure their being 
undisturbed. All these pegfa should be fixed by lining them in with 
a theodolite from one end. A centre peg must also be fixed ; this can' 
be done by the theodolite lining it in on this centre line of road,l 
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provided tUe centre line of railway haa already been fised. (This line 
should alsu be fiscd by two pegs in each direction its & check ^ninat 



'■^< 




their bein"; disturbed.) A string line must be strained over the nearer 
pegH n, b (Fig. 71), and tlie theodolite sigliting along the centre line 
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of road intersecta with the vertical cfobs hair the string line Tertically 
above the exact position of peg o, which is then driven and the string 
line again strained to enable the exact centre point to be marked on the 

The theodolite is now moved to the centre peg o and the angle 
of skew of the bridge measared. If the bridge has already been 
designed and working dravinge prepared, this angle shonld be compared 
with that given on the drawing. If these angles i^ee very nearly, the 
bridge must be constrncted to the angle given upon the drawing. This 
may render it necessary to change the centre point of the bridge by 
some small fraction and adjust the centre line of the road accordingly. 
But if the angles do not agree sufficiently nearly, it'may be necessary 
to have the drawing altered to suit the correct angle of skew. 

Fixing the Faoe LinoB.^Havingsetout thecentre lines, theface lines 
of the finished work must next be fixed. A string line is now stretched 
and fixed on the centre line of railway and a wooden square, say 6' X 4', 
or even a smaller one 4' X 3', laid very near to it with one edge parallel 
to it at one end of the string line. Then a steel tape is held with its 
edge paralli;! to tlic other edge of the builder's set-square, with ito zero 
on the centre line and the point of half-width of the road in feet and 
inches held at the other end. At this latter point a peg is now driven 
as ^ in Fig. 71. When this is properly driven flush with the ground, the 
half-meaaurement of the road is taken f^in and a nail driven in at the 
exact distance. The same operation is carried out for peg /. Both 
these pegs must be fixed clear of the excavation and if possihle at 
a sufficient distance from it to prevent their heing covered by excavated 
material. 

A corresponding face line is now set out for the other abutment 
with pegs as at ^ and h in figure. Iiines must now be strung over 
both these face lines, and the foil width of the road tested by the steel 
tape with the help of the square, to check the accuracy of the work. 
If this is not exact at every point some small error must have crept in 
which miisl be carcfnlly corrected, aa neat work must be built to exact 
dimensions. If the surface of the ground is very uneven at a bridge 
site, it may he necessary to set np the theodolite on each face line for 
the purpose of fixing other points on the line. 

The face lines parallel to the line of railway having now been fixed, 
those paraUel t« the line of road can be fixed in a similar manner. 
These lines are generally all that is required for the mason or bricklayer 
to work to, though they do not fix the wings in any way. As the 
wings generally have b:ittGrtag faces, face lines are dangerous unless 
accompanied by the levels at which those lines are to be worked to. 

Setting Oat the Lines for Exoavation.— The bridge can now be 
set out for excavation- The same degree of precision is not required 
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ia fixing the points marking the Vines of excavation, bnt an orror of 
more than one or two incliea should not exUt. Pencil lines should be 
rnled on the drawing giving the limits of excavation reqniied beyond 
the neat work. If it ia known that a ^ood foundation cannot be 
obtained without going down to a considerable depth, these lines most 
be clear of the neat work by the width of the projecting concrete 
(probably 6 inches or 1 foot) and the thickness of timbering necessary 
to keep the sides from falling in. On Pig. 71 the line of the edge 
of the concrete is shown as FJFGHKL projectiii;^ in front of the wings 
and abatment but flush with them on the back. If the depth is not 
BuiScient to demand timbering, this line of the edge of the concrete 
shonld be set oat for excavation and the btck neat to the nnfaced 
brickwork or masonry- 

On the drawing in the office offseti square to the face line ef are 
drawn in pencil to each of the points E!,F,6,H,K,L,M,X,P,0, and the 
lengths of the offsets carefnlly scaled and marked on, also the distances 
from some known point (as e or the centre of the face of the abutment) 
to the feet of the offsets on the face line, mnst ha measured and marked 
on the plan in pencil. The plan is now taken to the site and a string 
line fixed there from e to/. The distances to the different offset points 
must now be taped off and marked with arrows. Then the square is 
laid on the ground with the right angle at the arrow and one side 
parallel to the string line and the offset set off with the tupe psntllcl to 
the other side of the srjuitre, to the distance written on the plan. In 
this way each of the points 0,E,F,G, etc., are located and pegs driven at 
them to within one or two inches from the ground. When all these 
points are pegged out a string line shonld be fixed to one and continued 
round each of them in turn until it marks the complete outline of the 
whole excavation. It is as well to check one or two lengths on this 
outline, especially in the wings, whose accuracy often depends upon the 
accuracy of the excavation. This checking also ensures that no point 
has been omitted. The ground shonld now be nioked ont along the 
line of the string with a grafting tool or pickaxe, and the narrow piece of 
tnrf removed in this way should not be allowed to get back into tiie nick. 

Giving Levels for Ezoavation.— In the ground clear of the 
excavation level pegs should be driven at the end of each wing and 
one at the centre of the abntinent. These shonld have marked on 
them, or on small pegs beside them, the depths to which the excavation 
is to be carried. 

Levels shonld be taken at a number of points on the surface of the 
area to be excavated and marked on the drawing to enable the ({uantity 
of excavation to be measured when completed. 

The operation of setting out bridges on the STjuare is a simpler form 
of that given here, so will not be dealt with. 
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To Set Oat a Bridge FoDodation on a Carve. — In this 
case the centre of the hridgc mnst not be taken on the curve at b 
(Fig. 72), as in that case the curve of the ends of the bridge woald be 
too near one abutment. 

The central offset be to the chord aec must be calculated, and the 
middle point of it d set ont on the groand as the centre of the bridge. 
The lino AdB parallel to the tangent to the cnrve at b ia now the 
centre line of the bridge. This ensures that Efi = Cn = I>c, or the 
cnrve is distant from each abutment at its tightest point h; the same 
amonnt. 



Observe that aO </0, consequently the length of the face of the 
abntment is not quite sufficient for calculating the length of the 
vereine be. 

But the error due to using the length of the abntment for this 
purpose ia very small when the radius of curvature ia large. 

For a cnrve of 15 chains radius and length of abatment CD 40 feet, 
and apan between abntmenta 80 feet, the length of the versine is less 
than 4 inches. 

R 
"i (81 

R being the radius of the curve in feet. J(fte) girea the distance 
from the curve to the centre of the bridge. 

OULVKKTa 

The General Problem. — It ia not uanal to make a special survey 
for cnlverts, type drawings being generally supplied, the actual survey 
being made at the time of " setting ont." The centre line of the 
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railway is nsed as a base line from which to sarvej the conrae of the 
stream. On the plan prepared of this aursey the positions of adjacent 
batter pegs eboald be given. Levels mnst be taken in the bed of the 
stream, and the invert levels at the high and low end decided upon. 
Unless it ia intended to have a diversion of the stream at either the 
high or the low end, the cnlvert will follow a direct conrse from a 
point in the bed of the stream near the toe of the slope of the embank- 
ment at the high side to the corresponding point on the low side. 
This centre line must be pegf^ out accnrately, the pegs in most cases 
requiring Hning-in with the theodolite. I<evels shonld be taken on 
these centre pegs and the depth of excavation at each point calculated 
and marked on a label of wood, which is iascrted next to the pc<r. 




SECTION ON CENTRE; LINE OF CULVEilT. 





PLAN OF CULVERT. ,'*• 

Fio. 78. 

In fixing the face lines of the ends of the cnlvert the pointe where 
the two slopes of the embankment meet the extrados of the arch (or 
top of the crown) mnst be calculated, as here the slopes will finish 
gainst the parapet tops of the face walls, as at A and B in Fig. 7S. 

If the cnlvert is sqnare to the centre line of railway the location 
of the points A and B, and therefore the faces, is a simple matter. Bnt 
if the centre line of the cnlvert is oblique to the centre line of railway 
the operation may be by no means simple. If the railway is on a 
gradient and not level, the operation is still more complicated. 
Example in Fig. 73 will illustrate the method usually adopted. 

The railway is on a down gradient of 1 in 100. The'side slopes 



by Google 



202 RAILWAY SURVEYING 

of the embankmeat are li^ to 1. The rate of fall of centre line of 
calvert is found to be 1 in 86, and tlie invert level at tlie centre line 
of the railway C ie calculated to "be 222-4. The level on the eztrados 
at the crown is 5 feet above the invert level, GonBequentl7 the level 
of C is 227-4. Again, on the plan the an^rle A'CK between the centre 
lincfl of railway and culvert is measured and its tangent ia eqnal to 1-S3. 

A'K_4 ,AC_5 
■'■ KG" ~ 3 "^ A'K " 4 



If the half-width at formation D'L is 15 feet, and the level at 
formation G is 235*6, the level at F will be the same as the top of the 
slope at ly or h. 

But LC' : LTl' = 3 : 4 .-, LC' = | x 15 = 11-25 feet. 

Correcting the level for the 1 in 100 gradient on this distance the level 
at F becomes 2^ri'71, and similarly that at H 235'4D. 

Now the rate of alopc (of FA) for the oblique direction I)' A' down 
the aide slope, may be found from the data of triangle UD'A', which 
has its aides D'M : MA' : A'D' = 3:4:5. UsinK these numbers as 
distances will enable the rate of slope in FA or D'A' to be calculated. 

Thus the gradient 1 in 100 makis D' or F lower tlian M by 7^3. 

Again, the 1^ to 1 slope makes A' lower than U by ^ .-. D' or F 
4 
is higher than A' or A by tt - t^ = 3 - tss = '^'^^ 

.-. tlie rate of slope from lY to A' (or for PA) is — 

«> i — — r 01 about I5 to 1. 

Now, knowing the rate of slope of FA and also that of DA (1 in 36 
up), and thu height DF 7-79 feet (the level at 1) ia calculated for the 
■ distance D'C (J x 15)), the distance D'A' can be calcnlated. 

Thus I in 1-R9 = j^ x 86 in 36 = lO-I in 36, 
and 1 in 36 = I „ 
.■- total effective slope is 20-1 „ 
That is FD : D'A' = 20-1 : 36 = 7-79 : D'A' 

■"■ ^'^' ^Sl^ ''^^ ^ ^*'' 
Bnt lyC = 15 X ^ = 18-75 

.-. total distance CA' = 18-75 + 140 = .S2-75' feet 

Similarly the point B' may be determined. The tliickncss of the 
face wall mnst be set off from A' at right angles to the direction of 
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railway and gives a point oa tlie face of the culvert ; two other pegs 
most now be fixed on the face line parallel to the centre line of railway 
at K. If the face is extended on both Bides of the invert to form 
wings, the ends of these shoald be pegged oat on the face line, and the 
excavation pegs put in by taking measnrementB from the face p^. 
If the wJDgB are parallel to the centre line of the culvert, their ends 
will be fonnd b; continuing the 1*89 to 1 slope from the crown A to 
it« intersection with the snrface. 

Remarks. — The above method of setting ont an oblique cnlTert 
conld have been avoided it a complete survey and drawing of the 
cnlvert had been prepared, but the reanlts obtained are more exact than 
could be gained from a working drawing, and in any case the accuracy 
of the drawing shonld be checked on the ground. It is always advis- 
able in making the above calculations to make a sketch, not necessarily 
to scale, of the plan and section, and to enter on it the data as it is 
calculated. It can afterwards be used for preparing the drawing in the 
office from which the qnantities can be taken. 

The PRBflEEVATioM OF " Settiho Out " Mabes 

It ia a good policy to impress all foremen with the importance 
of the "setting ont*' work. Nothing is more exasperating and waste- 
ful of time than to have important centre pegs or other fixing points 
destroyed indiscriminately by gangs of workmen through the foreman 
not duly warning them of the importance of preserving them. Never 
pass over the destruction of a peg, even of little importance, without 
making the foreman feel very fully the serionsaess of his crime. In 
this way only can that proper respect for " setting out " marks become 
imbued in the minds of all engaged upon the work of construction, 
and the need for frequent settings out of the same work lie entirely 
removed. 
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CHAPTER XII 

PERMANENT WAY 

Ev«B since the first niiliray was inaugurated the weights of engines 
and rollii^ stock have increased, and if the increases in speed, which 
hare been more or less in proportion, are also taken into account, the 
need for corresponding increases in strength in the design of permanent 
way has occurred naturally from time to time in order to meet these 
contingeDcies. 

It is the authors' intention here to deal onlj with preaent-day 
practice, but for those interested in the gradual development of railway 
constmction there are several books dealing with historical facts on the 
subject. 

English Praotioa. — The permanent way adopted almost univer- 
sally in EiDgland is the double-headed type of steel rail resting in cast- 
iron chairs, held tight by means of wooden keys, the chairs being 
secured to transverBc or cross wooden sleepers by screws, ora combination 
of screws and spikes. 

The rails now nsed on the first-class lines are of British Standard 
Sections, the weight per linear yard varying from 90 Ibe. to 103 lbs. 
or more. The following figures and diagrams show generally the 
principle adopted, although each Company's design differs in detail in 
respect of chairs, fastenings and distance apart of sleepers. Some 
Companies place the keys on the inside of the rails, and as the 
" mnning " does not appear to be affected, the right* of the mattei 
seem to resolve theraselvea into one of opinion. It may, however, be 
interesting to state that on a railway where the keys were placed on the 
outeide, the authors have on several occasions sees a train at reduced 
speed pass safely over three lengths of 30-foot rail, which had been 
merely " fished " with the plates at the ends, the platelayers not having 
time to insert a single key. Such a contingency, of course, occurs very 
rarely nowadays, but it is doubtful whether in similar circumstances 
the rail would have remained in position in the choirs, if the inside 
type of keying had been in operation. 
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ICi is neceegary for the yoni^ engineer bo make himself familiar 
with the laws of the country governing the constmctioii of all railwajB, 
but tlie following matter refers only to th<%e having a gange of 
i ft. 8^ ins. inside to inside, and 5 ft. 2 ins. outside to outside of rails. 

For a double line IG ft. 4 ins. is required from ontside to ontaide 
of the outer rails. This allows a clear 6 feet between the Inside rails. 
Again, for a quadruple line 42 ft 8 ios. is required, which allows for a 
clear space of 10 feet between the middle rails. A siding shonld not 
be placed nearer than 10 feet to a miming line. 

It should be noted that, where necessary, it is permissible to place 
signals in the 10-foot spaces. Advant^e is frequently taken of this, 
p^icnlarly where there is a large number of running lines approaching 
an important station. 

DeBlgn. — In designing new or scheming the improvement of 
permanent way, where points and crossings are required, it is of the 
utmost importance properly to calculate and plot the whol^ arrangement 




to a large scale, such as S or lU feet to an inch. The 8-foot scale is 
the more reliable and usefnl, as it is possible to scale to inches on a 
carefully drawn plan. A few hours' careful work in the office will 
often save several days on the ground " setting out," not to mention 
the expense occasionally involved in getting the work to fit accurately. 
To take a simple case, let it be required to introduce a curve 
between two straights as shown in Fig. 74. Here the straights must be 
oontinned beyond the intersection point A, and the angle C carefully 
measured with a protractor. If the tangent lengths AT and AT', 
which should be equal, arc known, the radius of the curve can be 
obtained from the formuht R = AT cot i^C. Again, if the distance 
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A6 is fixed, the radius of the cnrve and the tangents can be obtained. 
(For further data of circular curvea, see Chapter YII.) 

Again, )et it be required to introduce a sharp carve between a, flat 
curve and a straight (see Fig. 75). Select a point on thu flat cnrve, 




sa; ly, and from it run a taa;;enb line iu the direotloii of D'. At the 
intersection A between tliia line and tbe straight measure the angle C, 
also the lenjjth AT', and calculate the radius of the curve by the 
formula given above. (The tangent length TA will, of course, be made 
the same as TA.) If this radius is not found quite satisfactor/, 
another point must bo selected on the flat cnrve and the operation 
repeated until the desired improvement is elTected. 

The same principles, as above, are adopted in designing compound 
and reverse curves [Note. — Reverse curves must never be used on 
main lines, as vehicles traveUing at a hi^h speed tend to leave the road 
at the point of reverse curvature.] In the case of reverse cnrves a 
length of straight should be introduced l>etween the two curves sufficient 




FiQ. 76. 



to admit of the full amonnt of superelevation being given to the rails 
at the tangent points. A good general practice, in the case where the 
length of straight is liniited, is to provide, say, half the amonnt of cant 
which the curve requires at the tangent point, and run down Into the 
straight at the rate of 1 inch in 60 feet, or in special cases 1^ inches in 
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60 feet, until the level is reached. The length of level road should be 
at least ei|ual to the longest vehicle likely to be lued od the road, 
if good ranning is to be obtained. The length of straight in the 
utse shown in Fig. 7G would be about 2110 feet, aasaming the allowance 
of a portion of level line 80 feet long. 

Where corves are of less mdiua than 1 30 chains transition cnrves 
should be adopted (see Chapter VIII.). 

Pointa Leading Off a Strai^t Boad.—The method adopted 
in some test-books of continaing the curve of a connection right np 




to the toe of the points is quite impracticable on the grouud, ae can 
be seen clearly by examining the detail of a typical switch shown in 
Figs, 83 and 86. All switches np to 20 feet in length are perfectly 
straight from toe to heel, and although switches much longer than 
20 feet have been tried in order to curve the switch approaching the 
heel, they have not proved a success, in consequence of trouble arising 
from the sharpness of the blade at the toe. The blade quickly becomes 
worn and untrue and requires constant attention. 

For a simple cross-over rood with trailing points a convenient length 
of switch is 12 feet (F^. 77). 




For a j'nnction cross-over i-oad from one running line to another 
running line in the same direction (see Fig. 78), the switchee may 
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be 16 feet long, and for a firat-class junction (see Ptg. 79) probably 
20-foot snitches would be adopted if the cmres were not sharp. 

The rails are usually represented on plans by a single line, and 
every plan should state by a note thereon, whether the gange as plotted 




is to die insideB of the rails, the centres of tlie rails or their oatsides. 
The gauge adopted in this treatise is with refei-ence to the outsides 
of the rails. This has been selected as the most conrenient in practice 
as the result of many years' experience of surveying, designing, and 
" setting out." The point ie dealt with more in detail in the section 
on "Surveying Permanent Way" (see p. 243). 

The offset or throw at the heel of every straight switch is generally 
4^ inches, t.e. the distance from the ontside edge of the heel of the 



switch to the ontside edge of the fellow rail adjoining the switch (see 
Fig. 80). 

3iThe length and position of the points having been decided upon, 
the standard offset referred to above of 4jf inches at the heel should be 

i— loelo* •{ 
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pricked off on the drawing, and an indefinite Btraight liae drawn with 
a fine line in pencil from the toe throngh this mark. This line gives 
the correct direction of the pointa, and is obvionsly the proper tangent 
line from which the new curve should be ranged by ofFaetB in the OBOal 
way, commencing at the heel. As a means of obtaining more accurate 
plotting it is advisable to mnltiply the 4^ inches bj some convenient 
number, and the length of the pointa bj the same nnmber. 

For example (see Fig. 81), take 18-foot switches and a throw of 
4| inches, multiply this by say 6, and plot the prudact 28^ inches at 
a distance alontr the straight rait equal to 18' x 6 = 108 feet measured 
from the toe of the poinba. This line gives more accurately the true 
direction of the switch, and is also the tangent line for the curve. 

Pointa Oonneoting with the Outside of a Cnrid.— This case, 
as shown in Fig. 82, is somewhat more complicated than the last one, 

Tru« direction of switch, which 
wilt also be Uie tangent line for 
plotting tbe new curve v"^' '- 
Joins up to the switch. 




but provided the same principle is followed, there should be no difficulty 
in obtaining a perfectly correct plan. 

The tangent line to the existing curve is drawn as shown in figure, 
and the offset from this bangent line to the curve opposite the heel 

L2 

of the poinU is calculated by the formula = 0^01 where L is the 

distance in feet set off on the tangent line, R = radius in feet, and 
= offset in feet. Table XXIV., p. 294, gives these offsets worked 
out for various lengths of points. 

The standard distance from outside to outside of rails at the heel of 
the points being 4^ inches, as previously stated, the offset distance as 
calculated by the formula must be deducted from this amount, and the 
remainder after being multiplied by some nnmber (such as fi) should be 
plotted along the tangent line at a distance from the toe equal to the 
length of the points multiplied by the same number. For example, if 



I, Google 



210 RAILWAY SURVEYING 

18-foot points come off a curve of 4il chains radtufl the offset from the 

tangent line at the heel = Igjt^ X t» ft- X '2 ^.735 ;n<.hea. To 

obtain the true direction of the points, this amount must first be 
(ledacted frotn the 4^ inches, which leaves the remainder 4'014 inches. 
If this be mnltiplied by some namber, say 6, the product 24"08 inches 
must be set off at a point along the tangent 1ft ft. X 6 = 108 feet from 
the toe oF the poiitts. The line joininf^ this point to the toe of the 
points is now considered tlie tangent line for the new curve which ig 
rtijnired to join np tungentially to the heel of the points. This new 
curve is now plotted by offsets in tlie uanal way. 

PoiatB Conneotiag with the Inside of a Carve.— Where, as shown 

in Ki^.x.^, the new connection I'oinesDir on the inside of acnrve, the off- 



• fcngentlint ofciyve /^ 



True direction of switch \^ 
and tangent line of curveN 
to connect to same. 



set -7.^6 inches must be added to the 4; inches giving 5'486 incheo. 
Adopting C as multiplier as before gives 5486 x 6 = 3291C inches, and 
this amount as offset must be plotted from the tangent line of the curve 
at A distance 1ft ft. x 6 = 10ft feet from the toe of the points. 

The whole procedure is quite simple, the only likelihood of error 
occnrring where the •7S& inches is deducted from the 4j inches in the 
one case and added to it in the other. But a rough sketch will always 
remove any doubt on the point, and if an incorrect detaQ occnrs, its 
presence can only be attributed to carelessness.^ 

Setting Ont, — In setting out janctions on the ground, the same 
operation is adopted as that performed in the drawing office. A peg is 
driven into the ground to mark the position of the hee) of the points, 
and a nail is driven into itstop to denote the exact spot. If a theodolite 
is to be used it is set np over this nail and adjusted in the usual manner. 
As the pe^; which was inserted at 10ft feet from the toe of the points 
gives the trne direction of the tangent line, the instrmnent should be 

' Table XXIV. will be fonnd very uaafal tot thle work. The oSset -736 ineheii 
tahen in above example is '736 iocbes on a ourve of 40 chains radiua at a distance 
oF 19 feet {rom the tangent point. 
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righted on the nail id this peg whilst the vernier reads zero. The angle 
for the first point on the cnrve ia deflected from tbis direction, and the 
peg driven in on the line of sight and also at the correct distance from 
the tangent point and then the rest of the curve run in by pegs at 
every chain or, if in a complicated junction, at every half -chain. 

If the drawing has been plotted to a large scale, the angles of all the 
crossings can be obtained by mnning tangents from the intemections, 
bnt it is advisable in all esses to set ont the new connections on the 
ground by means of string lines which are held to the curve by steel 
pios or arrows of various lengths inserted in each sleeper or the ballast. 
The following inBtructions give the method of procedure : — 

" Mark the roil with chalk showing the position of the new switches 
and insert an arrow at the heel 4| inches away to represent the throw. 
Set ont the lead crossing as measured from the plan, and insert an arrow 
at the heel to comply with the angle fonnd on the plan. If there aro 
diamond crossings, etc., they should be set out first of all from the plan 
in the manner described, and afterwards the string lines may be ma 
round the fixed pins, while intermediate pins can be driven for the 
purpose of lining oat the carve to the eye, which after a little practice 
becomes quite easy. When this operation is completed, the string lines 
may show that by snbsbitnting another crossing, only very slightly 
larger or smaller as the case may be, a better-looking road can be 
obtained. There is no objection to snch an amendment, and the angle 
shown on the drawing can be modified accordingly. It is surprising, 
however, in practice, how very rarely it is found necessary to deviate 
from the angles of crossings shown on the plan, provided due diligence 
has been exercised in the ofiSce and on the gronnd." 

It is nsefnl to mark the side of the existing rails with a cold set 
where the new points and crossings occur, and for the informatloa of 
the Inspector. 

The following marks may be nsed (see Fig. 84) : — A vertical mark 

+ o 1 



E 



for pointe, a cross for V-crossing, and a sort of rhomboid for a diamond 



In actn^ practice it is impossible to commence the curve exactly at 
the heel of the points in consequence of the fish-plate joint and the 
following adjoining sleeper, accordingly, for precise working on the 
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drawing, aboat two feet Bhonld be added to the length of the points in 
order to obtain the effective length of straight before embarking oq the 
new curve. 

Leads. — The length of a " lead " is aansll; noderatood to be the 
length from the toe of the points to the splice of the T-croaaing as shown 
in Fig. 85. In addition to the graphical method of finding the lead, etc., 



- ^'^^--^^^.^^^ I s***" 



jnst deBcribed, there are also formn]>e for calcnlating leads, but 
experience has proved that there is less likelihood of error if the 
connections are drawn ont to a scale of not less than 8 feet to an inch, 
especially where they arc at all complicated. 




To determine the Jmgfh of the lead. — The following formula is qnitc 
near enough for all practical piirpoBea (see Fig. 86) and does not require 
thf use of trigonometry : — 

.L» 



(1) 



■.iL» = x;2R 
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• ■. /^ = X 2R 
.-. i = ^(0 X 2R) 
where = offxet or gauge 
and Oi = offset at heel of switch. 

The length of the lead can therefore be seen to be L - / + length of 
points. 

These formalm are applicable only when; a connection leaves a 
straight road, bnt in the case of a curve connection with n curve, the 
calculation is a very lengthy and tedions operation, and it will be found 
mnch more expeditions and accorate to draw the connection out to a 
lo^ scale ns previonsly Buggestcd. 

The diagram shown on Fig. 110 is generally sufficiently accurate 
for practical purposes, and a description of the basis of ito compilation 
can be found on p. 288. 

Notoa on Practice. — The railway companies nsaally adopt their 
own particular standards in many details of permanent way design, but 
an analysis of these, which are many, would be more confusing than 
helpful. It is therefore decided, with the object of simplifying the 
matter, to consider only the designs of one of the leading Eugliah 
railways, as, except for slight differences of design in moat cases, what 
applies to one applies to alL 

For instance, the standards of all companies differ in respect of the 
spacing of sleepers, size and spacing of point and crossing timbers, size 
and weight of chairs, chair fastenings, fish-plates, and so ou. But if it 
was possible to obtain a reliable comparison of each nnder the same 
conditions, there would be probably not a great deal of choice between 
them. It is a matter of fact that some tracks do not run as smoothly as 
others, but in all probability a superior kind of ballast is used in the 
latter case, and in addition greater expense incurred for labour in 
maintaining the road to a good level. 

The following remarks refer to the type of permanent way used on 
the London and North Western Railway. These particuhird with 
reference to placing points and crossings in particular positions, where 
the connections are close together, are given in order that both in 
planning and "setting out," the engineer may first make himself 
familiar with or have details at hand to refer to, the standards adopted 
by the railway he is engaged upon. 

In Fig. 87 is given detail of a V-crossiiig. In these the distance from 
splice to heel may possibly vary in every angle of crossing from 1 in 2 to 
1 in 12, and it is found that, frequently in complicated crossings, where 
slip roads and other connections have to bu introduced, it is a great 
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GonvenicQce to reduce the length of one of the sides of the V-croBBing 
by cutting off ft portion with a set or aaw. But it is essential tliat the 
portion cnL otf is convenient in practice ; that is, it mnet be arranged in 
such a vaj that the joint comes between two timben placed suitably for 
that particular crossing, and also that sufficient space remains between 
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Pie. 87. 

the legs of the crossing for properly tiglitening the bolts of the fish- 
plates. The shitpe, size and position of the blocks and chairs vary 
slightly with every angle of uroasiog, and the positions of the chairs 

determine the positions of the timbers. 




FiQ. 8S. 



The standard distance from too of points to "side rail" joint is 
S feet 6 inciies (see upper connection on Fig. 88), and this is in accordance 
with the British Standard Specification. The most economical job is to 
fish the side rail as delivered to the heel of the crossing, but if, for soms 
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particular reason, it is possible to obtain a more suitable connection by 
placing the points nearer to the crossing, then the best system of timbering 
is obtained by cutting the side rail to enable the points to be placed at 
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8 distance of 1 foot 8 inches from the heel of the croBHing, viz. at B 
instend of A in Fig. 88. 

The arrangement shown in Fig. 89 is frequently met with, where 
two switches are reqaired to be placed near the heel of a crossing, and it 
is not good practice to place the two pairs of switches at an equal distance 
from the heel of the crossing owing to the difficnlty of timbering and 
point rodding. A mnch better road will be obtained by fixing one pair 
of points to the standard of 5 feet 6 inohes from the heel of the crossing 
and the other pair 4 feet it inches as shown in Fig. 89. 

Diamond CroBBin^. — A typical detail of diamond crossing is illus- 
trated in Figs. 90 and 91, the latter representing an angle of 1 in 8, 




Single slip. 



which is the flattest angle which bUe English Government Regnlations will 
permit. On the other hand, it is permissible to use diamond crossin<; as 
wide as desired down to 1 in 1 or even to where one road crosaijs another 
at right angles. Sach wide crossings, however, should be avoided as far 
as possible, as they are most troubkBomu to maintain satisfactorily. 
Another objection is that when the wheel passes from the wing rail to 
the nose of thftV-«ro8sing — aspace of Ijf inches, a very severe jolt is felt 
in the train and thitt constant hammering soon causes the crossings to 
wear. 

' When designing a single-slip or double-slip road, as shown in Fi^s. 
90 and 91, it is essential to adopt a diamond crossing of either 1 foot in 




Fio. 91. — Double slip. 



7 feet 6 inches or 1 in 8 to ensure that a suitable curve maybe obtained 
between the switches at each end of the slip. It is evident that the 
sharper the intersection of the two roads is made the nearer together 
become the T-crossings at each end, with a consequent sharpening of the 
alip-road curve. 

OoQtinuing the same reasoning, the length of switches should be 
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almost Lbe Sihorlest, s&y 12 feet, to obtain the gr^iter *' tlirow " thready 
explained in the preceding puges. 

JnnotioQ Cross-road. — In u junction croas-rood from one tanning 
line to another (see Fig. D2,) it will be found convenient first to draw 
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litraighb lints intersecting at tin angle of 1 in S to represent the diamond 
crossing and then proceed to la; ont a suitable line to join tangentially 
to the Bwitciics. As all cnrves below 10 chains radiuB in a running line 
are rcignircd by the Government Regulations to have a check rail, it is 
advisable to design it cnive at least 12 chains radius in order to make 
snre that in the actnal work no part of the " lead " will be less than 10 
chains when checked by versines. Switches about 16 feet long should 
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be Selected fur these junction cross-roads, where a triun passea thiongh 
ou its direct journey. 

Slip Road.— -OccaaioD&lly ibis convenient to Introdnce a slip road 
for shunting purposes, thus obtaining u simple croBS-ovcr ruad aa shown 
included in Fig. 9a. Tlie check rail is placed 1| inches away on the 
inside of the lower running rail as shown on Fig. 93, and it is introduced 
for the purpose of securing greater safety to passenger trains when pass- 
ing round a sharp curve, for the reason that ordinarily the flanges of the 
wlieels have a tendency to ride the outer rail owing to the centrifugal 
force. The check rail adjoining the lower rail is placed near enough 
to prevent this riding tendency, as is proved by the worn appearance of 




the inside edge of the check rail dne to the rubbing which it receives 
from contact with the Qanges of the wheels. 

A practical issne worth mentioning arises out of the designing of a 
double slip road. The desirability of placing the switches at each end 
as far away from one another as permissible has Iwen established and a 
little help in this direction may be obtained by cutting a piece off the 
wing rails, as shown in Fig. di. For good timbering one pair of 
points should lie 6 inches in advance of the other pair where both are 
trailing points. Should the points, however, be facing, then the distance 
between them should be 'i feet 8 inches instead of G inches to allow for 
tl)e introduction of the signal apparatus or locking bar, etc 




Fio. 96. — Diamond otowing, 1 in 4' 6". 

AclJiutiii^ Diamond CroBBingB.— Fig, 95 gives a detail of what 
may be termed a " fixed " diamond, to distinguish this typo from the 
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more modera form, with movable tongues coutrolled from the eigDal 
cabin, which latter is dosuribed later. 

In the fixed diamond crossing there mnet be a n^ber wide Bpace 
left ia the centre, or neck of the diamond, to permit of the flanges of 
the wlieels travelling across, becaose it is in the neck of diamond 
crosslngH where a great many wi^toqb leavu the road during Bhunting 
operations. It is quite obvioDS that, if the wheels of a vehicle come to 
a stand in the neck, es[)eciall7 on a cnrved road, and the train be 
suddenly shunted, as all goods trains nsoallyarc, these particular wheels 
are as likely to take the wrong road as the right, thus causing a derail- 
ment. Hence then: is some justiKcation for the rule, which is not 
always observed, that abuntcrs shall nob bring a goods train to a stand 
over a diamond crossing on account of the risk of derailment. 

Fig, 96 is an exaggerated sketch of u diamond crossing, which has 
either not a suitable angle for the position, or is out of adjustment. 




FlQ. 96. 



When in a temporary difficulty, it is well bo remember that it is 
safer to make a flat diamond sharp, than a sharp one flat. If the 
comer A, for instance, in a sharp diamond is closed in for the porpose 
of making the crossing flatter, then knocking will take place dnring the 
passage of vehicles. 

" Movable" op "Switoh" Diamond CpossId^b.— In Vig. 07 is 
shown au example in plan of a movable diamond croEsing with switches 
iC feet long. 

Switch diamoad crossings have been nsed extensively in America, 
and also on many of the Colonial railways, bat iu England there has 
been not a little hesitancy in the apphcation of this type of crossing, 
even in aibuations where they would have been most useful and 
convenient. 

There is no qnestion whatever regarding the success of those 
crossings from a purely permanent way point of view, as a solid and 
continnons bearing is given to the running rail, thus reducing in large 
measure the hammering of permanent way and rolling stock, which is 
a matter deserving the greatest attention. 
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Then ore other ailvaDtag<a wliich eiiable the Track Engineer to 
clear up diflicalt probk'Uis. Of Limse, not the least ia that pr.icticaUj' 
aaj anfrle of croBBing may be used where switch diamonda are adopted. 

It has alreudj bcca stated that the flatU^t angle which the Board 
of Trade will permit in a fixL-d pattern diamond crossing ia 1 in 8, but 
the Ooventment inspectors have expressed themeelves very strongly in 
favonr of switch diamonds, and go so far as to approve of practically 
any workable angle. 

Switch diamond crossings should be worked from signal cabins, and 
be bolt<;d and detected in precisely the same manner as Facing Points. 
This requirement is considered by some engineers to be a disadvant^e, 
or indued a source of possible danger ; others, again, believe that delays 
to traffic arise, and both pat forward the increased expenditure in 
maintenance for the signal department. In spite of these expressions 
of opinion, there is not the slightest doubt that switch diamond 
crossings have been a great success, where they have been substituted 
for fixed diamonds in positions where derailments were formerly very 
frequent. 

If properly and carefully laid the movable diamond provides a good 
and safe running road, and although the extra expense of connections 
to signal cabins, etc, may be rather heavy, there is a safely and comfort 
of running which cannot be estimated in £ s. d. 

Altering Gnwsln^B.— In Fig. 87 is shown the nearest possible 
position in which a switch can be fixed to the splice of 1 in 7' 6" V- 
cro»aing. This, however, is one which would only be resorted to in very 
extreme casea, as the strength and efficiency is reduced proportionately 
to the catting of the legs. It is preferable to have the shorter leg of 
the crossing 3 feet 9 inches instead of 1 foot 10 inches ; but, as already 
stated, it is better from a maintenance point of view, and also cheaper, 
to design the connections so that the standard lengths may be " fished '* 
together without cutting. 



Switches. — In Fig. 98 is shown the standard distance between two 
pairs of points, namely 11 feet, but this distance may be reduced where 
necessary to A f^et 4 inches by cutting to side rails. 

If the straight road in figure bad been a running line, then, it is 
evident, one pair of points would be " facing " points. In such a case 
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thej cannot be nearer toother than 41 feet, in order to allow a aafficient 
lenprtb for the locking bar, as required bj Oovernment Regulations. 

In Fig. 0!) is given an example of a " three-throw," a type of aiding 
connection largely osed at one time, eBpeciall; where space was a con- 



Pio. 99.— Three-throw poiuta. 

aideration. The preat objection, however, to this arrangement is that 
in order to get in the second pair of points it is necessary to have the 
road wider than the gaii^e by 1^ inches, 1.0. the gauge most ))e 
4 feet 10 inches inetead of 4 feet 8^ inches, and this is a source of 
danger. " Three-throws " also refjuire a great deal of attention to 
keep them in a proper slate of repair. For these, and the foregoing 
reasons, they have been gradually replaced by the arranj^ement shown 
in Fig. 100, which is termed a " Pannier " lead. 




Tio. 100.- Pumier lead. 

' It can be seen by inspecting the detailed cross-section, that owing to 
point-rod connections there must be a clear space of at least 7i inches, 
where the second pair of points is sitnated, in order to permit of the 
points sliding backwardfl and forwards. This spot can be located by a 
simple calcnlation. Generally speaking, however, the second or following 
pair of points will be abont 24 feet from the first pair, but even this 
distance can be reduced under exceptional circumstances by clipping a 
piece out of the lower flange of the rail, as at X on the section, whereby 
the-spoce between the rails may be 6| inches. This alternative cannot 
be "recommended for general ipractice, aa the strength of the rail ia 
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reduced veiy coiuiderablj thereby, and freqncDt cases of broken rails 
are recorded, where railB have been clipped in this manner. 

Spadal Chain.— lb has been men- 
tioned previooBly that the position and 
shape of cbairs vary with every angle 
of crossing. Bnt occaaionallj it is ad- 
visable to resort to strategy, and depart 
from the use of specified chain in 
sitnations where oonnectioas are close 
tt^etlier, snch as "pannier" leacls, 
scissors crossings, etc. Sufficient space 
mnst always be provided between the 
timbers to permit of the platelayen 
inserting their picks and spades for 
removing the b^last, before they pro- 
ceed to repair the road. If the timbers 
in a pannier lead were placed, in some 
instances, exactly to standard, the 
whole connection would practically be 
one mass of timber. To avoid this, 
it is nsnal, instead of interlacing 
smaller timbers, to adopt '* through " 
Pig. 101.— Bridge ohftir. 







PiQ. 102,— Point ohair. 
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timbers at convenient distanceB apart, moving some of the chairs 
forward and others backward in order to obtain the desired resalt. 
The positions of the chairs of a particular crossing do not admit of 
very much longitndinal movement, consequently in a case where the 
chairs, say, require to be placed nearer to tbe splice, for good timbering, 
it is possible to obtain a good refiolt by introducing a similar chair 
belonging to a crossing with an angle half a size fatter. In some 
cases the special crossing chair is left out altogether, and bridge chaira 
and slide chairs (see Figa. 101 and 102) sabsbituted. 

Various methods of overcoming small difficulties like these suggest 
themselves to the engineer m each one arises, and it ia not intended 
here to exhaust them, but rather to point out possible lines upon 
which to proceed when faced with difficulties of design, so that the lay 
out may be schemed in the drawing office to work in harmony with tbe 
fitting together on the ground. 

Templates. — Wooden templates are sometimes made for crossings 
which have to be specially forged for the purpose, such as fiddle-back 
crossings, which are sometimes necessary in a scissors crossing (see 
Fig. 103). 

On a perfectly flat piece of ground, or, better still, a targe " setting 
oat" platform built of wood, it is advisable to set out the connections 
with string lines, very accurately, and to take tbe templates and other 
particulars from these. 

Although all this information conld be obtained from the large 
scale drawings, it is essential to set out full size for all crossings which 
are to be specially forged, because, unlike the common V-crossing, it is 
impossible to slue them even to tbe smallest extent, when being fitted 
into the road without affecting the adjoining roads. 

SpeoUJ CroBsing Timbers. — In a junction where both the main 
lines and branch lines are curved and require different cants, it is 
excellent practice to have special timbers made for the pnrpose. An 
example of this is shown in Fig. 125. 

It is not necessary to prepare special timbers for the whole of the 
junction, those situated at or about the crossings being the most 
important, and the ordinary timbers in the lead may be adzed to a 
certain extent for varying the cants. 

Timbers 12 inches wide and 6 inches thick or thereabouts should 
always be phiced under the points and the crossings in order to give 
tbe necessary strength where required, and although a special timber 
lead throughout is preferable, ordinary sleepers are occasionally intro- 
duced in the lead between the point timbers and the crossing timbers. 
These sleepers must be interlaced, and therefore oe practically double 
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the number of tliGm is reqtiired, it is not very eaay to pack the aleepera 
properl]', although the difference of cant on the two roade can more 
readily be obtained. 

HeasDring the Angles of Cpossinga. — ^Wheii nev croesings are 
delivered on to the groond the angle of each one iB nsoally marked in 
some distinctive manner for the convenience of those in command. 
The Ting nul is oBaally selected for this marking, bat it freqnentl; 
becomes obliterated after some years in the road. 

Fig, 117 shows a sketch taken from a field-book of an actnal survey 
of a length of railway on which it may be of interest to note, that the 
angle of every crossiog included in the enrrey is qnoted. It is a very 
simple matter to find the angle, and if all measnrements are taken to 
the ontsides of the rails, as already recommended, and also if the width 
of the head of the rail is 2f inches, it will be seen that the true position 
of the splice of the Y-^roasing is at the point where the two outer 
edges of the rails meet. The exact point of intersection is where the 
crossing measares 2| ins. x 2 = b^ ins., and this point should be marked 
with chalk in the first place. Then if a pocket mle 1 foot in length be 
placed between the legs of the Y-croaaing, as shown in Fig. 104, the 




di^nce from this point to the chalk mark referred to above will give 
the angle of crossing required. 

In the case of a flat crossing it will be sufficiently aocnrate to 
measare to a point where the legs are, say, 6 inches apart, and doable 
this distance to the splice will then give the angle of the crossing. 
The reason for this is that in flat crossings the space of 1 foot occars 
at a point so far beyond the heel of the crossing, that the ordinary 
rails joinii^ op the heels of the crossing may be curved, thereby giving 
an erroneous reenlt. 

Diamond Crossing 1 in ifl. 6 ins. — In measnring the angle of a 
diamond CKMsing, it is most important to remember to place the pocket 
rale either from ontside to outside of rails or from running edge to 
running edge. The former is recommended for the sake of consistency. 
In Fig. 93 is shown the 1-foot space at a distance of i ft. 6 ins. from the 
neck of the diamond, therefore the angle of the crossing is 1 in 4 ft. 6 ins. 
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In practice it is easeatial to measure all the fonr 1^^ as at A, R, C and 
D, and take a mean of the fonr in order to arrive at the correct angle. 
Y-crofisinga are nanallj to be obtained in the following Htandard 

angles : — 

Between 1 In 1' 6" and 1 to 6' 0" tho; ue mada to every S" diffareneo of angle 
„ liD 6'0" „ llnll'O" „ „ 6" 

„ lin 11' 0" „ linaCO" „ „ 13" 

That is, anj of the following may be ordered : 1 in 4' 0", 1 in 4' it", 
1 in 4' 6", 1 in 4' 9" and bo on. The next range starts at 1 in 6' 0", 
and continneB 1 in 6' 6", 1 in 7' 0" and bo on, and finally 1 in 11' 0", 
1 in 12' 0", 1 in 13' 0", etc. 

The Ordering of CroBBingB. — When carefnlly extending the 
tangents on tbe detailed drawing for the pnrpoBe of finding the angle 
of croesing, it frequently occurs that a qnarter-aised angle, aay, 1 in 
6 ft. S inB., which from the above liBt does not appear to be stock size, 
occurs, and the question arisea as bo whether a 1 in 6 ft. ina. or a 
1 in 6 ft. 6 ins. shoold be ordered. In moat casea it is preferable to 
open the leg of the crossing rather than cloae it, and therefore in this 
case select the lin 6 ft. 6 ins., which when slightly opened on the job, will 
give a 1 in G ft. S ins. 

Special cases do occar where the crossing might be preferably dosed 
in Blightly at the heel, as at A in Fig. 105, in which case a 1 in 6 ft. 




crossing would be ordered in preference, and the 1^ closed in with a 
Jim-crow in order to obtain the reqnired 1 in 6 ft. S ins. 

Sharpest Cuptu for Sidings. — In designing connections leading 
to sidings where engines are reqnired to enter, it may be necessary to 
know the sharpest curve over which an engine will pass safely. A 
carve of 6 chains radius should be taken the abeolnte limit in this 
direction. In plaaning auch connections it is always advisable to 
de«gn to a T-chains radius, becanse it is practically impossible to pro- 
duce on the gronad a onrve consistently of 6 chains radins bhroi^hoat. 
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Garefnlly taken versiiies wUl espose in places a aliglitly smaller radim, 
and it will be found advantageons ia cramped positions, such as these, 
to lay oat the permanent my to a slightly increased gaage, sach as 
4 ft. di ins. instead of 4 ft. 8^ ins. in order to enable the vehicles to 
pass round more easily. Instancea have occnrred where the chair 
fastenings have been actoally drawn out of the sleepers, thna proring 
that a wider gange is necessary in the veiy sharp curves which oocnr in 
sidings. 

In sidings where eogines are not required to enter, the corves may 
be as sharp as I^ chains radios, and if the gange is increased by 1 inch, 
ordinary w^ons will pass safety round a curve of 1 chain radius. 

Flflh-platu. — In Fig. 106 is shown an elevation of what is known 
as a " cramped " or " jelled " fish-plate. The need for snch a plate at 
this point is apparent, owing to the difference in size of the two rails 
which ate joined tc^ether. This, which is liable to occur, is au 
instance of a new rail of heavier section being joined np to an old rail 
of lighter section. 

SolsBOFB CrosBfnJB.— Figs. 107 and 108 show alternative arrange- 
ments of two croes-over nnds combined in snch a manner as to form 
what railway engineers call a " scissors " crossing. The object of snch 
crossings is to conserve the standing acoommodation for vehicles, 
especiaUy in railway stations ; they are also osed on acoonnt of their 
convenience. 

These scissors crossings are nsoally installed in the stations of 
important junctions, and their usefulness may be understood to some 
extent by the following : Assume a train, made up of carriages for 
various destinations, to have been drawn into No. 2 Platform, and that 
another train follows into Platform No. 3, and which is bound, say, for 
Loudon. Now all carriages labelled for Loodon, which are attached 
to the train in Xo. 2 Platform, will be uncoupled, and a small tonic 
engine, which in the meantime has come up in the rear, will draw the 
London carriages backwards, and then shunt them forward through 
the croes-over road to be attached to the main line train. In like 
manner, carriages which are attached to the rear of the London train, 
bat which are intended for some other destination, will be detached 
and shunted back or throogh by a similar operation. In fact there are 
many ways in which these crossings are particularly usefnl for purely 
traffic pnrposefl, but it is not intended to deal with these except for the 
purpose of introducing some engineering details. 

When the adjacent tracks are spaced at a distance apart of exactly 
6 feet, it will be observed from Fig. 107 that the special croBsiags at AA 
appear to be tronblesome. Further, with only a 6-foot space between 
die middle nils it is almost impossible to obtain a really satisfactoiy 
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road. This Iparticnlar design, therefore, should only be adopted where 
the middle rails are considerabl; more than 6 feet apart. 

However, even where the middle rails are only 6 feet apart, the 
difficalty can bo got over by adopting the system shown in Fig. 108. 



No.2. 




■j-»-No.3. 



FiQ. 107. 



Mnch depeude npon the radii of the curves in the leads, but if, as a 
preliminary, the points B and C are from 15 to 20 feet apart, and the 
curves arranged, hy trial, in Boch a manner as to render the position 
of the crossings convenient from a practical point of view, the 
advantages will be obvions. 

By cutting the 1^ and wing rails of the 7-crossings, and possibly 
the tongnes of the diamond crossing as shown on p. 217, many diffi' 
cnlticfl can be overcome, and the great convenience of shunting within 
a limited area probably be attained- 



Pio. loe. 

It ia possible to get a good idea of the practicability or otherwise 
of a scheme of this character by drawing the rails, crossings, wings and 
check rails by double lines on plan to represent the head of the rail. 
If there is not sufficient clearance, when drawn carefully on paper, for 
the fitting together of the several parts it is more than likely tiiat the 
string lines will not show a more satisfactory result. The problem is 
a very interesting one to work out, and the method shown in Fig. 108 
is a solntiou. 

Len^h of Onter Bails on CorreB.— Table XIT. shows the in- 
creased length of the outer rail over that of the inner rail, on carves of 
various radii, both for rails of 60-foot and SO-foot lengths. 

The practice of placing the fish-plated bntt joints opposite to one 
another has survived the many so-called improved joints, which have 
been tested from time to time, and as it is desirable in this type to keep 
the joints as square with one another as possible, the table will be found 
very useful when ordering material for new lines or relaying. 



MKibyGoOgk' 



RAILWAT SURVEYING 



TABLE 
TABI.B BaoniNa tbs Extoa IiBHora BKQcriHBit 



Cli«l» 


LMfth-roMM 


CbilDi 


l«CUiot<»MT 


C1>1« 


LMca.ot«.t«r 


rulDi. 




J. 


ndlot. 


■ML 


78 


nlL 


6 




86 


60 


lA 


~^ 


OH 


7 




36 


60 


1* 


SO 


60 


on 


8 




87 


60 


lA 


86 


SO 


ot 


9 




38 


60 


lA 


90 


60 


OA 


10 




39 


60 


Is 


96 


60 


OA 


11 


80 


*H 


40 


60 


13 


100 


60 


01 


13 


60 


4A 


41 


60 


lA 


106 


60 


01 


18 


60 


n 


43 


60 


lA 


110 


60 


01 


U 


60 


H 


43 


60 


li 


115 


60 


OA 


16 


60 


H 


44 


60 


ij 


190 


60 


0,'. 


16 


60 


83 


46 


60 


Its 


135 


60 


OA 


n 


60 


8A 


46 


60 


lii 


180 


60 


Oi 


IS 


60 


3 


47 


60 


1* 


136 


60 


oi 


19 


60 


2J 


48 


60 


1* 


140 


60 


Oi 


30 


60 


m 


49 


60 


n 


146 


60 


0! 


21 


60 


2A 


60 


60 


lA 


150 


60 


Oi 


23 


60 


2A 


63 


60 


lA 


160 


60 


OA 


23 


60 


23 


S4 


60 


1 


170 


60 


OA 


31 


60 


2* 


B6 


60 


oii 


180 


60 


OA 


3S 


60 


V« 


58 


60 


on 


190 


60 


oj 


26 


60 


21 


60 


60 


oj 


300 


60 


01 


27 


60 


2 


62 


60 


01 


220 


60 


"l 


28 


60 


lis 


64 


60 


m 


240 


GO 


0(1 


39 


60 


IJ 


66 


eo 


on 


360 


GO 


OA 


80 


60 


H3 


68 


60 


m 


380 


60 


OA 


31 


60 


13 


70 


60 


03 


300 


60 


OA 


82 


60 


i« 


73 


60 


(5 


350 


60 


01 


S3 


60 


ig 


74 


60 


OiJ 


400 


eo-oi 


34 


60-lft 


76 


60-Oti 







HOTE. — The lengths given aie to the Devest A"- 



by Google 



PERMANENT WAY 



B Odtkb Rail or Cubteb, ■ 



OnliN 


Uoglhafoalir 


ObtlB 


Lnglhoroner 


ClulM 


LcDgUlDffHltU 


ndUK 


nIL 


ndliu. 




78 


fill. 


6 


80 -iA 


8S 


80 


03 


80 


03 


7 


30 318 


86 


SO 


OJ 


80 


30 


OA 


8 


80-8A 


37 


80 


OJ 


86 


30 


OA 


9 


30-8 


38 


80 


OH 


90 


30 


OA 


10 


80 2J 


89 


30 


OJi 


96 


80 


OA 


11 


30- 2J 


40 


30 


m 


100 


30 


Oi 


13 


30-2i 


41 


80 


m 


lOS 


30 


Oi 


13 


30- 2J 


42 


80 


og 


no 


30 


Oi 


14 


30-2 


43 


80 


06 


116 


30 


Oi 


16 


80-113 


44 


80 


og 


120 


30 


05 


16 


30-lH 


45 


30 


OS 


126 


30 


OJ 


17 


80-13 


46 


80 


OA 


130 


30 


OA 


18 


3011 


47 


80 


Oft 


135 


30 


OA 


19 


80-1/, 


18 


30 


OA 


140 


30 


OA 


20 


30-iy 


49 


80 


OA 


146 


80 


OA 


21 


30-lA 


CO 


30 


OA 


150 


30 


OA 


32 


SOli 


62 


SO 


oj 


160 


30 


OA 


as 


80-lA 


51 


80 


oi 


170 


30 


OA 


24 


30-11 


56 


30 


OJ 


180 


80 


OA 


26 


SO-IA, 


68 


30 


OJ 


190 


30 


OJ 


26 


80-lA 


60 


80 


OA 


200 


30 


OiS 


27 


801 


62 


30 


OA 


230 


30 


Oi 


2S 


301 


64 


80 


OA 


240 


30 


04 


29 


30 0^3 


66 


30 


OA 


260 


SO 


Oi 


30 


30-OiS 


66 


SO 


OA 


380 


30 


OJ 


31 


80-OS 


70 


30 


03 


300 


SO 


OA 


32 


80- OJ 


72 


30 


Oi 


360 


80 


0,^ 


38 


30-OiiJ 


74 


30 


oa 


400 


80 


OA 


34 


30-OiS 


76 


80-C^ 







b, Google 



RAILWAY SURVEYING 



Amalvtical ahd Graphical Computation of Leads, etc. 

Ab has already been shown in the section on PctmaneDt AVay Desigii, 
p. 20H, a junction cannot bo tral; tangential witli the Main Line in 
consequence of tlm switch being straight, but a eimple formula can be 
obtained from the aaeumption that the junction carre is tangential to a 
line running parallel to tbe ceotrc line of the Maiu Line, and only a few 
inches away from it. This distance or deviatioci of the centre line of 




. X7S'f Sr-^ \i-^Va™i»,. 



the junction from the centre line of the Main Line can be determined 
from the following foitnnla (see Fig. 109) : — 

Let t ^ throw or clearance at heel of switch (oBoally 4f inches). 
» = length of switch to be nsed. 
R = radius of centre line of junction. 
C = length of half chord (tangent point to heel of switch). 
V = versine to ditto. 
d = amount of deviation t — V. 

(AU dimensionB in feet.) 

then -p =- therefore = — (1) 

C* 
But V = 5u and by snbsbitnting the value of C from (1) we get — 






(2) 
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If R = radius in cbaina 

then V = 33e(^) 

and d = t- 33li(^)' ft. 

This f ormola is the basis for prodocing the grapti on Fig. 1 10, giving 
all particnlars as to croBsiuge, etc, incidental to a truly circular curve 
from the heel of the switch. 

Explanation of the uses of Figure 110.— The lead is assumed to 
be the distauce fiom the toe of the switch to the splice of the ctoasii^, 
and although two persons may disagree slightly apon the reading of the 
fignre, when it comes to probably a question of inches, still, if the par- 
ticolars are carefully and judiciously taken from it, they will be found 
qnite Batisfactory for all practical purposes. 

For simplification, centre lines have been adopted in calculating the 
graph, and it is evident that if, say, the centre line of the six-foot of a 
junction of 10 chains radins joins up to the centre line of the six-foot 
of a straight Ifain Line, the radius of the centre line of the foor-foot 
way of the inner track will be loss than 10 chains by S f t. -f- 2 ft. 7 ins. 
= 5'58 ft. = -085 chain. For the same reason the radius of the 
centre line of the foor-foot way of the outer track will be greater by 
"085 chain. 

Example. — Suppose the lengths of leads and angles of crossings are 
required for a double line junction of 20 chains radius off a stiaight 
road, meaaaring to ontsides of rails, find the particnlars from the fignre. 

The radius of the centre line of the outer road will be 20 chs. 
+ -085 ch. = 20'085 chains, and the radius of the centre line of the 
inner road will be 20 ohs. - *08S ch. = 19-915 chains. 

Find these radii at the foot of the figure, where 18-foot points are 
seen to be the most suitable length, and then by tracing vertically through 
the lines on the graph, the foUowii^ particnlars will be obtained from 
the intersections : — 



Crossing A and Aj 
.. B 


1 i 
1 


AnglB. 

u' - r 

„ 10' - 6" 


Lead. 
iOS' - 9" 
115' - 6" 


„ 


1 


„ H'-O" 


161' - 6" 


.. n 


1 , 


,, C'-6" 


197' - 0' 



To nse the figure for cases where both the Main and Branch Lines 
are carved, it is necessary to make one or two adjnstments according as 
to whether the curves arc both in the same or opposite directions. The 
following equations give the equivaimt radius off the straight for any 
combination of curves : — 
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Let B = radins of Main Line carve 

aod r = „ Branch „ 

Then in ttie case of curves of similar flexure, the cqairatent radins 
asBuming a straight Main Line ia = ^- — 

but where carves of contrary flexnie occur, the equivalent radios 
assuming a straight Main Line = — 

Example. — If the centre line of the main track of a raUway has a 
curve of 60 chains radius in which it is proposed to form a double junction 
to a Branch Line having a radins of 10 chains carving in the same 
direction, or curves of similar flexure, find from the figure the necessary 
porticalars as to leads and crossings. 

Equivalent radius off straight = 1{~l — nT-TlTi ~ ~^ ~ '2 chains. 

The figure is now referred to, and the leads and crossings correspond- 
ing to a 12-chain curve obtained. These will be foand to be near 
approximations to the calculated results. 

For very accurate work, there is, of course, nothing better than a 
detailed drawing. 

fimmpfa,— What is the flattest curve for a Branch Line junction with 
a Main Line, whose centre line has a radius of 80 chains, carves of 
opposite flexure, the diamond croseiugs not to be fialt«r than 1 in 8 bo 
as to conform with the Board of Trade Regulations ? 

The actual radius of the Main Line curve, where the diamond 
crossing will be fixed = 80-085 chains. 

From the figure it will be seen that a 1 in 8 diamond crossing gives 
21*53 chainsBB the flattest radios of Branch Linecurveand the equivalent 

radius off the straight = f,-7— 



!0-085 + r 
or (80-085 - 21'53)r = 80*086 X 21-5.S 

80-085 X 21-oS ,„ ,,^ , . 
.: r = ->, -.-- = 2D-445 chains 

58*5oo 

Now " r " being the radius of the road curve upon which the diamond 
crossing is situated, it is necessary to deduct -08.5 chain in order to 
obtain the radius of the centre line of the Branch Line, i.e. 29-4:^5 
- -08 = 29-36 chains. 

Although the radius of the Branch Line must therefore be 29-36 chains 
it is necessary for the purpose of using the figure to assnme a radius of 
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21'6S chains off a straight Main Line, becanae the actual cnires are of 
ooQtraiy flexnre. 

An; nnmber of examples might have be«n given, bnt if the applicS' 
tion of l^e principles already stated is thoronghlj understood, a great 
Baring of time vill resnlt from nsing the figure for connections to groapB 
of Hidii^, crofis-OTer roads, through roads, etc. 

The figure is divided in snch a manner as to show, at a glance, the 
most suitable length of switch for the Torions radii of curvature and 
croflBiugs. As 9-foot switches are not now used in Main Lines, they are 
shown to be absorbed bj the 12-foot switch. 

The trne radins of curve for a given length of switch is that of a 
curve which can be drawn in the obtuse angle between the switch and 
the Hain Line, so as to be tangential to the switch at its heel and also 
the Main Line. 

The length of switch to be used is such that the radtns calculated in 
thifl manner should not be less than the nulins of the curve of the 
junction, unless practical reasons require it to be otherwise- 
Most railway companies use the following radii in conjnnctioD with 
the switches in general use : — 

9-foot switches = ISO feet or 6*& chains radios 
12 ,. = 770 „ 11-7 „ 

16 „ = 1200 „ 18*18 „ 

18 „ = 1780 „ 26-2 

20 ., = 2188 „ 82-32 „ 

24 ,. = 3072 „ 46-54 „ 

The lengths of switches shown on Fig. 110 are in accordance with 
this table and are the shortest that should be used. Occasionally it is 
advisable to use a longer switch, especially where the curves of a 
junction are in the same direction ; then the ne:t longer should be 
used, aud the length of lead increased to suit that switch. This may 
be obtained approximately by adding 6 feet more or less to the length 
of the lead, but at the same time makii^ sure that it is within the 
limits for the ose of the particular length of switch. If greater 
aocnracy be desired, the lead should be calculated, or drawn out to a 
scale of at least 8 feet to an inch. 

FormoliB. — The following formnlEc should also be considered in 
conjunction with Fig. 110. The notation is the same, aud all dimen- 
sions are in feet (see Fig. 111). 
R = radius of curve. 
t = throw or clearance at heel of switch. 
t = length of switch. 

C = length of half -chord from tangent point to heel of switch. 
V = veisine to ditto. 
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G = gauge oi distance between onteidea of rails. 

D = distance between imaginary parallel line and rail on which the 
croesing lies. 

L = length from tangent point to croaaing. 

M= „ „ heel of snritch „ 

a = angle of crossJt^ in degrees. 

/3 = ai^le formed between switch and rail in degrees. 
To find the length of lead and angle of crossing for a junction of given 
radios, and fixed length of switch, proceed in the following order : — 




Find the point G at which the cnrve of the junction becomes 
tangent to an imas^ioary line drawn parallel to the iSain Line rail 
(shown by dotted lines on Fig. 111). 

9. = L' 



.■.G = 



(0 



The distance between the imaginary Uae parallel to the Main Line 
and the Main Line rail upon which the croesing lies = G'. 

Now G' = G - / + V 

and ^ ~ 2R ^ sVi) ^"*°' previoos figures 

■■■«' = «-' + K;)' (■') 

Next find the distance between the tangent point and the craning 
= L. 

L2 = G'(2R - G') 
.-. I, = vO'(2K-0') (iii) 
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Length of lead = L — C — «, and by snbetitntiDgTalnee obtained in 
Ci), (U) and (iii) 

Length ot lead . {g - i + K;)' jjsK _ Q + 1 - |Q' j 



The angle of crosaing = a and sin a = 

_.■ ,1 , . 2R - C 

or practtcallj l in ""oi ~ 



(iy) 



W 




Clanance ofsiritc/t at heel. 



AaBnming a fixed length of Bwitch, find the length of the lead and 
radios of curve for a given angle of crosBing (Fig. 112). 

LeBd = M + 8 

M = (G-()cot(^^) (i) 

Radinsof cnrve = R = ( — _- Ycosec^-g-~coBeo — ^J . (ii) 
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TABLE 


XV. 


Amolm or Ciowni4M. 


One in 10 = 


60 


„ 18- 


47 9 38 


„ 16- 


88 06 83 


19 = 


381311 


SO- 


38 6718 


as- 


35 40 40 


„ 96 = 


as 496 


39- 


a007 6 


„ 80 = 


19 11 16 


.. 38- 


16 30 30 


40- 


14 31 4S 


,. *6 = 


13 46 S3 


6 0- 


11 38 43 


56- 


10 30 64 


60 = 


933 38 


66 = 


8 49 24 


., 7 = 


31133 


.. 76 = 


7 38 43 


8 = 


710 


86 = 


644 40 


90 = 


6 2210 


96 = 


6 3 2 


„ 10 = 


43 60 


„ 10 6 = 


37 83 


,. 110 = 


013 88 


.. 11 6 ■= 


4 09 IS 


„ 12 = 


446 34 


„ IS 6 = 


436 6 


„ 18 = 


434 80 


„ 18 6 ^ 


414 43 


„ 14 = 


4 636 


„ 14 6 = 


867 8 


„ 15 = 


3 49 13 


„ 16 6 = 


3 41,60 
8 8^66 


„ 160 = 


„ 16 6 = 


338 33 


.. 17 = 


83216 



TABLB X7I. 

ADR BBTWEBtl SfrlrOH A 

SiDii Rahi. 

joictb of Ab(1«s Id 

9 3 2817 

13 1 47 36-8 

10 1 30 07 -S 

18 1 II 37-4 

30 1 4 27-7 

31 1 laa-S 



Pbbiodioal Irbpbopiob and Adjustment of thh Track 

A nulwaj, although originally set oat most caref nil j by the resident 
engineer, is all too frequently left in the hands of the practical men, 
the platelajere, to maintain ; and it is really Borprising after a few 
years of wear and tear, and the so-called adjnBtments, to what eitent 
the cnrrea become irr^nlar. Sleepers have to be packed, jointe lifted, 
superelevation allowed for, and the line and cnrrBtnre of the rails 
adjusted. It is, therefore, astonishing that the platelayer obtains such 
a good average result when it is realized that practically the whole 
of snch work of maintenance is done with the " eye" only. 

It is most important that the engineer and his professional staff 
should be in personal tonch with every yard of curved road ander his 
control. It ia also advisable to make arrangement for the Chief 
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Inspector to travel on the footplate of locomotives hanling express 
trains to enable him the more accnrately to " feel " the condition of 
the track and report accordinglj. 

Mnch more than this is necesaarj ; for the office should receive 
particulars, periodically, of qll cnrves on the more important lines, 
somewhat in the form an^ested on p. 241. This information ahonld 
be obtained on the gronnd hj the District Inspector, or somebody 
specially deputed to obtain it. 

In carrying ont this work, versines are taken with any convenieat 
length of chord. The 66-foot length has been found very convenient 
in most cases, and the work is carried ont in the following manner :— 

Yersines and Cants.— When checking the radius of a curve by 
means of the chord and vereine, the inside edge of the higher rail 
should be chosen as the platelayers work to this, letting any inequality 
in the gauge of chairing go to the lower rail. A^ain, if the lower rail 
IB chosen, in addition to the defects just mentioned, a "burr" on the 
outer edge of the rail is very likely to be met with, as it is on the 
opposite side of the rail to the flange of the wheel. 

In arranging the chords each one should partially overlap the one 
before it, 1.0. the second chord should be taken onwards from a point 




Fia. 114. 
on the curve opposite to the centre of the preceding chord as shown on 
Pig. 114. 

A chalk mark should be made on the rail where each versine is taken 
BO that the superelevation of the mils may be obtained at each of these 
points subsequently. 

The relative positions of all mile posts, buildings, platforms, signals, 
signal boxes, under and overbridgCB, etc., should be noted in the book, 
as the work proceeds, so that the office staff may take such features 
into oonsideratiou when studying the question of improving the track 
by means of sluing. 

The following is a formula for finding the radius of a curve when 
the chord and versine are known : — 

R _ (^ chord)' + T' 
2V 
where E = radius in feet, and V = versine in feet, and the chord is 
also in feet. 
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Table XXV., Appendix II., p. 298, has been compiled to give Uie 
radii of curres from 6 chains to 1650 chfuna, corresponding to ofTseta 
for a 66-foot chord. This table thronghont Ib not strictty oorrect for 
the fractions between the inches, as the radii were computed by tiie 
formula for the whole inches, and for the fractions between these were 
obtained bj interpolation. This in not strictly correct, bat the table 
will be found qnite near enongh for all practical purposes. 

Most railway engineers will find it useful to carry a copy of this and 
similar useful tables which bare been specially compiled for this book. 

JUIJaBtmeilt of CoFTes. — The form and details of notes given on 
p. 241 shoatd now be examined. Assume for the moment that the last 
6 colnmns are blank. By looking down the column givii^ the radii of 
the curves it can be observed where the curve proper commences and 
ends. These points should be marked in pencil and the average radios 
for the portion between these points computed and inserted in the 
column provided for the purpose. The transitional portion or mn-ont 
of the curve at each eud must not be considered as forming part of the 
carve proper, although it is necessary, of course, for easy running and 
also for the purpose of gradually reducing the cant. This is usually 
done by ^ inch to J inch every 30 feet as stated before. 

When a series of curves have been dealt with in this manner, it is 
advisable to check the resolts by means of the small scale surveys, show- 
ing the original setting out of the line ; or, failing that, to compare the 
radii with these found on the j^ ordnance maps. It will generally be 
found that the new results compare sufficiently closely with these for all 
practical purposes. 

The versincB when tabulated in this manner often disclose the fact 
that a long curve iu the same direction consists of some half-doEen 
curves of different radii. These, by simple adjustment in the manner 
suggested, can be converted into one with say three cnrves instead uf six 
and thus produce a better muning road. 

Where the adjnstmeuts are only slight there is no reason why the 
inspector should nob be entmsted with the work, ttince the instmctions 
can be perfectly clear, simply stating which part« of the cnrva require 
sharpening or flattening. 

On the other hand, in such cases where it is obvioos that slaing 
rather than adjustment will be needed, in order to effect the desired 
improvement, there is no doubt as to the necessity of adopting other 
measures. In this connection it is as well to study the methods of 
spiralling curves, details of which are given in Chapters VIII. aud IX. 

When the track is on a gradient, the average maximum speed for the 
purposes of superelevation will be increased or diminished according as 
to whether the travelling is up or down. Due allowance must be made 
for this in the last two colnmns. 



by Google 



Naub or LniB... 











" 








ClDt 








«lln«r. 


HllMce. 


OHM 


In In*. 


andlent 


SUM ptoiuoDi ur 


Fr««it 










=- 


— - 


la Int. 


-- 




tin of 

■mast. 




In 


i 


i 


C^t. 


M. 


?d.. 




=' 


1 








§ 


s 


i 




I 


" 








~ 


1 lio 




m: 


bu. 


cb.. 


IM. 


IM. 






10 1072 


1 


i 


1 


\ 860 




133 






1) 


»1 
















IfKlliDg 




















1083 


1} 


1 


3 






67 






*! 


ii 








1094 


4 


1 
9 


2i 






44 






21 








llOS 


>i 


H 




Under briage. \ 
No. 26 / 


40- 






8i 


81 








1116 


Ht 


i) 


H 






84 
















1127 
1138 
1149 


i 

4 
S 


S 

Si 


H 




Badlengbb { 


38 
















1160 


8A 










82,, 
















1171 
1183 
1193 
120* 


a 


:; 


I 






SI 

41° 
^3 
















1216 












86 ,, 
















1326 


4 


;; 


',', 




Zi«a» , 


"s 
















13ST 


3 


.. 




I in 

190 

Mllng 


— T^^ 


"% 
















1348 

ias9 


SJV 


II 









36 
81 


n 


U 


8i 


<» 


46 


60 




1270 

1281 




" 






39 
39' 
















1392 












81 
















1803 












5S 
















1314 












40 
















1833 


i| 








3ydBpaB(16{m.p. 


















1834 


H 


H 






88 
















1846 
1356 


11 


8 


r 
H 






46 . 
47 
















1867 


2J 


^i 




Over bridge, 1 
No. 26 1 


67 
















1878 


at 


9} 


3 






44. 
















1889 
1400 

1411 


2 


3 






1 


60. 

263 
















1433 
1433 


» 


8| 




Bad length | 


241 

25 S 


n 


U 


21 


»i 


46 


60 




14M 
1466 


f 


" 


" 






81^ 
43 g 
















1466 
1477 
1488 


", 


','. 






S7| 
60* 












1499 

1610 
1621 
1S82 


1 


8 

21 
2 


i 






6a< 

40 
8S 

46 ■• 




'1 


'1 






IM!) 


n 


» 1} 




67 1 


1 


1 














BeTereeopp.sig. 1 


159 1 




Le 


vel 






|15B4 


s 


Ut.J [.nd 




boi. No. 109 1 




owin 


gto 






1565 














tB»8 


Tse. 






1676 




.. „ 












^ 


__ 






242 RAILWAY SURVEYING 

Tlie adviBubilily of commeDciDg to reduce (pwlnaltj the cant at the 
laDgent point through the tranBiiion curve and onwatds into the Btnught 
is dealt with on p. 123, and a practical application of this is shown in 
the twocolnmusof the statement on the right-hand side headed "Cant" 
on p. 241. 

A country gang of platelayers on a first-class English railwaj con- 
sists of a ganger and three men. Such a gang is responsible for the 
maintenance of 4 to 4^ miles of track, measured as single line, exdosive 
of sidings. 

Where a ganger's length includes a fairly large station an extra man 
is provided, thus supplying about one man for every mile of numing 
line, reduced lo single line. 

Each gang, of course, is r^ponsible for the repairing of fences 
abntting on the length, also trimming hedges, cleaning out drains and 
side grips, cutting grass on slopes and so forth. 

Weighing RaiU in the Traok. — Periodical inspections of the track 
are made for the purpose, among other things, of obtaining data, from 
which estimates and diagrams may be prepared eeveml years in advance. 
These show, at a glance, the re-layiug, re-sleepering and re-railing which 
mnst be anticipated. 

In an important system exact weights of rails in the particular length 
of road under consideration are obtained by taking a typical rail ont of 
the track, between the passing of trains, and weighing it with a portable 
weighing machine. As the number of years the rails have been in the 
road is known and ^o the weight per yard when new, the annaal loss 
dne to wear and tear and rusting is readily obtained. 

When a rail is reduced to a particular weight in a first-class tine it 
should be taken out and re-nsed in a branch line or siding. Conse- 
quently it becomes a matter of simple proportion, tempered somewhat 
by experience, to determine the life of the rails, and prepare a statement 
accordingly. 

There are occasions, however, when only the approximate weight of 
rail per linear yard is required ; in such circnmatances a device, similar 
to that shown in Fig. 115, is very convenient. The figures representing 
'* Ibe. per linear yard " are merely for the purpose of explanatioB, and 
must not be taken as applyiug to any particular section of raiL It is 
qnite obvious that a sepuate gauge would be required for each different 
section of rail in use in the railway. These Sgnres may be obtained by 
calculation, or from the records in the office, bat perhaps a modifica- 
tion of both of the reanlt£ may be nearest the truth for estimating 
purposes, as so often occurs in practice. The lines of the device are so 
simple that no farther explanation is needed, though in making such & 
device it is as well to avoid havii^ the vertical arm too narrow, as this 
might cause the adjustable sliding arm to " wobble," and affect the 
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i-eadiDg. The adjnBtable sliding arm might be fitted wiUi a small 
apirit-levei, as a further precaution, provided this improvement i& only 
used when the rail is vertical. 




Fio. lis. — Gauge lor obtaining the approzimale weight per yard of rails. 



SURVBYIHQ PbEHAITENT WaY 

An example is given in Fig. 116 of one method of scheming the 
improvemeat of an important jnnctioo. Bnt before the position of the 
new permanent way can be decided upon it Sb necessary to malie a 
careful smrey of the line, so that a plan may be plotted to a scale of, 
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my, 8 feet to an inch, to many experienced in land Harreying this 
will not prove difficult, provided common senae is exercised, combined 
with methodical booking. Yet a detailed survey of permanent way, 
where the linea are joined and intersected by points and croBsingB, is 
not simple, by any meaDs, and it is advisable before making the attempt, 
to plot a portion of the survey from the facsimile of the " Field Notes " 
given in Fig. 117. These field notes will probably seem strange to the 
uninitiated. One reason for this is that in practice it is found impossible 
to sketch the rails to their proper cnrvea, and parallel to one another, 
thns making it necessary to rely solely npon the dimensions taken, and 
the positions of all crossings which are clearly shown. But if the 
particnlars are plotted to a scale of 8 feet to an inch, and afterwards 
pencilled in, using tlie proper "curves sweeps" the surveyor will 
experience a delight second only to that of superintending the laying of 
a junction to his own pegs. 

That portion of the field book including about 240 feet of the most 
comfdicated part of this particular survey, extending from the right- 
hand side of the bridge to a point well beyond the last croesing in the 
junction, has been reproduced (see Fig. 116), 

Now with regard to the actual work on the ground it is almost 
impossible to make such a survey of railway connections, which is to be 
plotted to a large scale, without the aid of a theodolite to " set out " 
the straight lines ; and in this class of work pegs shonid be inserted in 
any convenient positions fixing these straight base lines. In the tops 
of these pegs nails must be driven after 
being lined-in accurately by the instrn- /*"« ■ 

ment (Fig. 118). -^ ^r-nf l"" 

It is necessary to allow the tops of ^ 

the nails to project a little above the -Tngaimi 
pegs to make it possible to attach a 
string line to them, stretching it tightly 
from one to another. In this manner a ; ' ; 

line is provided on the ground from i ; ; 

which offsets can be taken. It is neces- . )■ 

saiy to see that the pegs are sufficiently '/ 

high above the ground to enable the pio. ng. . 

string line to pass just above the snrface 

of the rails. By adoptmg this method, if the line is broken by a 
passing train, it is a simple matter to re-establish it. The pegs may 
be placed at any distances apart, within reason, so long as the nails 
arc accurately in line. 

The chain is extended in the usual way on the ballast alongside the 
string line, experience showing, in this class of work, that the 100-foot 
chain ia the most convenient. In any case the length of the chain 
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used most always be stated at the beginning of ever; fresh survey, and 
also the gange of the road to nhich the offsets are t^en.' 

The linear dimension at ahont the middle of the bridge reads ^, 
which means that this point is ^ 3 chains 80 feet, or 380 feet, from the 
beginning of the line. To the left and right of thia figure are offBets of 
2 feet and 4 feet respectively measared from the string line, and as the 
felloff rail to each of these must be 5 feet 2 inches avay, there is no 
necessity to measure them. If this is remembered a lot of time will be 
saved, and after a little experience the habit of measuring to certain 
rails and no others will become acquired throughout the survey. 

For plotting purposes it is convenient to have a pair of spring how 
dividers fixed at r> feet 2 inches, so that after setting off the offset □□ 
the drawing from the field book, the fellow rail can be pricked off with 
these at the same operation. A little pencil circle placed round the 
mark will be of assistance when drawing in the permanent way with 
the curves, etc. A careful surveyor will always check the length of hia 




chain before eommencing operations, and also afterwards, and make due 
allowance in the plotting for any change in length. 

The ncenrate lengths of alt chains and tapes used in surveying 
should be marked out with a chisel, cither in the corridor of an ofiice, 
on the stone flafrging of a Station platform, or on the plinth of a 
permanent building, wliere the ground is practically level, to be used as 
controls for checking the lengths of chains and tapes from time to 
time. 

Where it is necessary to mn several lines in order to incorporate the 
whole of a desired area, these lines should be properly triangulated, or 
tied together, in such a way that any eiror of the reading of a measui-e- 
nient on the ground will be discovered during the plotting of the main 
survey. For esample, assume AB in Fij;. 119 to be the main base line, 

' A atatement appears in the field notes, in this cane, that lOO-fool ohain was 
used, and that the outsidw of the rails were meaaured, giving a gauge of 5 feet 
3 ini^es- 



by Google 



PERMANENT WAY 24T 

and, as freqneatlj occara in the aarvey of a jnnctioQ, it is found 
Deceseary to ran another line in snoh s direction as F. For obsenra- 
tion pnrpoees it is advisable, in the first place, to insert ranging rods 
in approximately the positions indicated by the letters, in order to make 
sure that the coarse is qaite clear for the string line. Pegs mnst be 
driven at the extreme ends of the lines at A, B, C, and F, and the 
theodolite then placed over the nail in the peg at 6, and as many pegs 
as may be considered necessary inserted between B and A, the one at E 
being specially marked with a knife or an arrow stnck in the top. 

Next a string line from the nail in Q- to that in H is ran, and the 
instrnment placed over the nail in C, and all the necessary pegs inserted 
between C and F. Whilst the instraraent is in this position the strinir 
line, which connects G and H, will enable the pe^ D to be placed 
accurately at the intersection of the two base lines. 

The survey may now be proceeded with in the manner already 
described, commencing at B and apoD arriving at the peg E, a snitable 
note shoald be made in the field book, that at this point line No. S goes 
to the left to 0. The lengths EG and BC may be meaanred later if 
desired. Upon arriving at peg D a similar note shoald be made in the 
Geld book, bnt stating that this is the intersection of lines I and 2. 

When plotting the survey, first lay down the main base Hue AB and 
mark off the positions of E and D. Then with an ordinary or beam 
compass and D as centre strike an arc of a circle with radius DC. From 
B as centre, strike an arc with a radius BG catting the other arc in G. 
Now if the measurement DC and BC are accurately taken no further 
dimension is really necessary, but as the value of the whole, survey 
depends absolntcly npon the accuracy of the base lines, it is always 
advisable to introduce a series of check lines. 

In this case the line EO is a check, and if the length as scaled on 
the drawing is not precisely the same as that indicated in the field book, 
it is known at once that one of the dimenxionR is wrong, and a further 
visit must be made to the site before any time is wasted in plotting. 
As a faither check, the dimension AF would be very raluable for the 
same reason as above. 

If an error is made in the reading of an offset it is not so seriouB, as 
the mistake is purely lociki and can often be rectified in the office. 

From the above plea for accuracy, the inference mast be drawn that 
whenever it is considered important to fix any particular point accurately, 
such as the comer of a building, which is too far away from the snrvey 
line to judge the position at right angles, it is quite justifiable to take H 
dimensions to it. In fact, this little extra trouble is more than com- 
pensated for by the knowledge that the drawing is correct. 
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Adrant^e is taken during rela^Dg to improve the track, including 
anj coDnections which may exist ; bnb as there is nanollya great amount 
of work to be done, when the road is broken, in a limited amount of 
time, it is imperative that points, croasiugs, and closure rails should be 
accnrately fitted together near the side some days beforehand, so that 
they may be placed in their permanent positions without delay or the 
possibility of alteration afterwards. 

In order to eliminate error and also to save time during the actual 
prepress of the work, the new rails should be set out by means of strii^ 
lines under the supervision of an engineer. 

After a little practice the connections can be set out fairly quickly, 
if a plentiful supply of steel pins of various lengths is at hand, together 
with long string lines or strong cx)rds. 

The procedure on the ground is as follows : — 

From the large scale plan the position of the switches and the 
crossings should be fixed. A steel pin must be inserted at the heel of 
the switch to the standard throw of 4| inches from outside to ontaide of 
nils as indicated on Fi^. 120, the points being straight from toe to 
heel. 




The position of the splice of the V-crossing having been chalked on 
the rail, the angle of this crossing denoted on the drawing shonid be 
observed and an arrow inserted at the heel, corresponding to the width 
shown in the standard list of crossings. Other more or less fixed points 
may be obtained from the drawing, and arrows should be set ont at these 
and marked to indicate their s^nificance. The intermediate arrows can 
often he lined in by eye. After a little practice it is surprising what 
proficiency can he obtained in this class of work. 

For very precise and intricate work a theodolite shonid be used or 
else a system of offsets from chorda calculated for the length of the 
curve, from the heel of the snitch to the splice of the crossing. 

Short pins are necessary for fixing in the sleepers in order to clear 
the passing coaches, etc., but pins from 2 to 8 feet long are required 
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for placing in the bollaat, especially wheo the road bed happens to 
below. 

When this work has been set ont exactly in accordance with the 
plan, there is no reason why a slight adjnstment at any particular spot 
should not be made, if by so doing a better road can be obtained. 

In complicated work it should be considered essentia) to "set ont" 
the permanent way, somewhat on these lines, to enable the foreman 
platelayer to take his own particnlars, and obtain a thorough grasp of 
the details. 
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CHAPTER XITI 

PERifANENT WAT (eontmtud) 

Relayinq 

TuEBE are Beveral methods of carrying out relaying, one being ** U> 
interlace the new material with the old, about 12 inches away and then 
sine into position as soon as the old track la removed." 

Another method la to replace (rradna)ly the old material with the 
new, by patting the new Tails into the old chairs, and afterwards taking 
out the old chairs and sleepeni and Bubalitnting new ones, one by one. 

Probably the best method, although perhaps the most expensive, is 
to clear away entirely all the old material, level the bed and place the 
new permanent way in position. 

The first system is the one more generally adopted for relaying plain 
roods in Eri<;land, as it is not nearly so troublesome as the second, and 
the track when completed is almost as perfect as can be obtained by the 
third method. 

Where hundreds of miles of relaying have to be carried ont every 
year, the most important matter to be considered is one of coat. There 
can be no saving of materials, and as the time occnpied per yard of 
single line under the fint system would most likely be greater than under 
the third, it is necessary to look elsewhere for the established economy. 

The relaying of a plain road by the interlacing method can be accom- 
plished easily between trains on ordinary working days, hut to remove half 
a mile of track, as required by the tfaird system, can only be attempted on 
a Sunday, with single line working and with from one to two hundred 
men working at double the rate of wages they receive on a week day- 
Consequently the extra cost of this method of relaying can be attributed 
entirely to wages. 

Third System of Relaying. — It may be as well at this stage to 
describe as briefly as possible this method, as much of the description 
is applicable to the other methods. It is possible with a staflF of 150 
men to relay a mile of single track between 6 a.m. and 7 p.m. on a 
Sunday ; this being the day on which possession of the line can most 
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readily be obtained. Bat to do bo, the conditiODS miut be favourable 
sDch as wonid exiBt, Bay, in open conntiy, witb a fairly straight road, 
sufficient Bpace alongBide the track on which to lay the new material, 
and the preaeace of good existing stone ballast. 

A few days before the actoal relaying takes place, the ballast is 
removed from between the sleepers and thrown into the adjoining 
fonr-foot way. For this period the speed of all trains is slackened. 

The new steel rails are laid down in the six-foot way in pairs, and 
marked with chalk where the new sleepers are to be placed. 

The track to be relaid is the first thing broken up, all traffic being 
worked under single line regulations over the adjoining road. The 
old rails and sleepers are carried to the side of the line, and the bottom 
ballast loosened with picks. The ballast is then levelled ready to 
receive tlie new chaii-ed sleepers, which will be laid approximately 
opposite to the chalk marks on the new rails already mentioned. 

The GO-foot rails are next dropped into the chairs (abont 24 
platelayers are necessary to carry a 60-foot rail weighing 90 lbs. to 
the yard), and the fish-plates placed in position at the ends with one 
holt only on each side of the joint for the time being. If everything 
goes on smoothly this operation sLould be completed by 10 a.m., and 
the insertion of the wooden keys follows next in turn. 

At this stage a gang of six men proceed from one end to pack some 
of the sleepers with ballast in order to lift the road to something like 
its proper level. This picked gang attends to four sleepers only at 
equal distances apart in a rail length, as other gangs are following 
behind packing the remainder. 

The sleepers shonld not be packed too mach in the middle, as this 
is liable to canse the ends to oscillate when a train passes over it. On 
this account, the gang which follows, immediately, the first lifters must 
concentrate all their energies on packing well ander the chairs, and 
leaving the remaining gangs to finish off. 

When this work is completed throughout the whole length, it is 
advisable to run the Ballast Train slowly over it in order to consolidate 
the sleepers. Then the new ballast ia emptied from the wagons and 
the line finally packed and straightened. 

The slackening of the Speed of trains should be continued for a 
day or two, until the road has been made perfect, as new perroauent 
way requires freqnent adjusting at first. 

Expansion of Rails. — Special packing pieces are placed tem- 
porarily between the ends of the rails, before they are fished up, for 
the purpose of preserving a space for expansion (Fig. 121). These 
packings are pieces of iron bent in the form of an angle, and of 
varying thickness according to the temperature obtained by using a 
thermometer. 
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Fig. 122 gives the spaces to be Mi Ixitweea 30-foot and 60-foot 
rails respectmlj, whco the temperatnre is known. It is based apon 
the aBSumption that the rails may be exposed in samtner to a temperature 
of 130° Fahrenheit. The following is the formula :— 

S = -000006 XdxK 
where S = space to be allowed in inclien. 

rf= d^reeti below i;^0'' (»>. I.io" minus actual temperatare), 
I = length of rail in inches. 



Example. — If the temperature of the rails sb the time of relaying 
is 43°, what must be the space between the ends of the 60-foot rails 
before they are fished np ? 
Here 130° - 43° = «7° 

.-. S = -000006 X R7 X 720 
= -375" = i" 

This amount agrees with the diagram, a copy of which should be 
taken on to the ground for use during relaying operations. 

Fntare Relaying. — The general relaying, subject to slight modiB- 
cation, ia decided upon Beveral years in advance. The District Engineer 
is called npon to recommend a programme for all the relaying, re- 
sleepering and re-railing, which, in his opinion, is desirable on the 
roads under his supervision. 

It is a convenience to place boards alongside the track, which state 
at wliicb steelworks the rails were rolled, and the date upon which they 
were laid ; but in addition to this a relaying diagram should be kept 
in the office, and on which is recorded the renewals which have been 
carried out since the line was first constructed. 

Every rail, of course, bears the stamp of the particular steelworks 
where it was rolled in ikddition to the date of rolling, but as it does Dot 
follow that the rails will be laid in the road in the same year in which 
they are manufactured, it is necessary to keep the records mentioned 
above. 

Again, these records have the advantage that all defective rails can 
be traced bo their source without any difiUculby, conaeqoenblya com- 
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parativc statemeDt ot deftiutive nils, which Luve been replaced every 
year, tt^ether with the names of the varions Bleelworla which sopplied 
them, can readily l>e prepared for the infoniiation of those concerned. 




ReplacuDeilt of RiUls.— By the time a rail has been ia an 
ordinary running road sntficiently long to have itB weight per lineu 
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jurtl redaced from, say, 90 Ihe. to aboal 78 lbs., it will be considered 
necessary to relay, prolmbly. The weigbt of the rail may be fonnd 
approximately by the little inBtmment shown in Fig. 115, or what is 
more desirable for precise record is to take ont a rail here and there 
and actually wfigh them with a portable weighing machioe. 

Where the track is subjected frequently to the action of brakes, the 
rails may be worn ont before the sleepers ; in this case re-railing only 
will be oecessary. 

On the other hand, there may be occasional cases where the sleepers 
first become worn and rc-slecpering only needs carrying ont. 

In each ease it is ncvesaary to form an opinion aa to the " life " of 
the niat«rialB which remain in the road, so that, aa far as poesible, 
all the materials will require complete renewal at the same time 
subsequently. 

From the point of view of expenditure it is undesirable to have a 
la^e arnoant of relaying one year, and comparatiTely little the next. 
By careful organization it is poseible to dintribnte the work in snch a 
manner as to obtain a more or less constant maintenance charge, which 
of conrse is paid for ont of revenue. 

Material Taken Oat.— A fair percent^e of the old materials 
taken ont of the Main Line during relaying are snitable for branch 
lines, and practically the whole of the remainder is good enough for 
sidings. Therefore it is economical to load up the old materials and 
transfer them direct either to the Branch Line or Sidings for immediate 
use, instead of taking them to the permanent way store yard, and 
causing the additional expense of nnlooding and stackii^. 

Estimating Cost— The average coat of relaying (prior to the 
war in 1914) the first-class running lines in England with new 
materials was from 2:ts. to 25s. per lineal yard of single tracks after 
deducting a reasonable amount for credit for the old materials 
recovered. 

It may be useful to quote a price for new permanent way alone, 
that is for all materials placed on top of the earth formation or road 
bed, including the cost of labonr laying the same complete. Assuming 
the rock pitched formation to be 9 inches thick, good hard stone or 
granite top-ballast, CO-foot raila, sleepers, chaira and fastenings, the cost 
will work ont at something near 85^. per lineal yard of single track. 

The following is an example of the method of taking off the 
quantities and estimating the cost of introducing a new single crosa- 
over road between two main running lines similar to that shown on 
Fig. 77. The prices qooted are always subject to the usual market 
anctuations and varying cost of labour. 
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Exclusive of Signal Department Ohaigee. 

Note. — These prices are based on those mling prior to the Wat In 1914. aod 
as there will be ooo^detable fluotuatioiu for some years it will be ueoesaary to 

Bubstitnte the aolnal prioes ruling at the time of preparing the dotted eBtimats, 
or in the case of appiozimation to add a peroentaga to the total figure. 

In round figarea £150 may be r^arded as the probable amount of 
the permanent way charges in connection with providing a new cross- 
over road in a main running line. 

It may be obeerved that a crosa-orer road is practically equivalent 
to two new leads, thus making one new lead cost about £75. Experience 
has proved this to be about correct. 

A cro8B-over road in sidings nsnally cost abont £100, where good 
second-hand materials are used, and a single lead about £50 (pre-war). 

Telephonic GonmianloatioiiB between Working Gangs and 
Signal Cabins.— Ab it is essential for the Inspector to be in constant 
touch with the nearest signal cabin, it is advisable to improvise tele- 



by Google 



b, Google 



b, Google 



PERMANENT WAT 257 

pbonic oommunicatioD between the parties, ao that Btiitable times maj 
be selected for breaking the road, Bluing into position the new materials 
and attaching the fish-plates. 

Although an experienced gang of forty men will relay, by the inter- 
lacing method, three pairs of 60-feet rails, complete with sleepers, in 
twenty misntes, it is not advisable to break the old road, anless the 
signalman is prepared to block the particnlar line ttpou which it is 
desired to operate for aboat half an hoar. However, no matter how 
experienced the gang may be, when the traffic is resnmed, it ia only 
done so at a reduced speed, flagmen being placed at a suitable distance 
along the line in the direction of the traffic as a farther security. 

Sppbbblbvation of the OniKE EiiL OK Cdbtbs 

Fig. 123 shows the amount of superelevaUon to be given to the 
outer rail on curves from 2 to 320 chains, or from about 28° carves to 
10' curves. 

Id nearly all cases the cants shown by the larger figures should be 
adopted, but there are occasions, from time to time, when difficulties 
occur which render it impossible to adhere to these. At such times 
expert opinion is generally required before making use of the alterna- 
tive cante shown in small figures. The ordinates of these, when inter- 
sected by the radius of the carve under coDsideiation, give on the 
extreme right and left of the figure the maximum speed at which a 
train may travene the curve tciik Bafay. 

These imall figures are based on the assumption that a train will 
pass round a lO^ihain curve, without cant, at a speed of 20 miles an 
hour, but they are not intended to be used by any one except those 
eng^ed on the permanent staff. 

Stress mnst be laid on the words " with safety " in " traversing the 
curve with safety," as it is not intended that these " small figure " 
cants shall be used indiscriminately, bnt merely as a means to an end. 
The following example, showing the circnmstancea in which they may 
be necessarily and nsefnlly applied, will explain more clearly what is 
intended : — 

The cant required on a 40-chain curve for a speed of 60 miles an 
hour is 5^ inches. But if there is a physical difficulty in obtaining this 
amount of cant, by referring to the diagram it will be found that 
5 j inches on the " small figure " cants is safe for a maximnm speed of 
72 miles per hour. Again, the "small figure" cant of 4 inches is 
equivalent to a speed of 6G miles per hour, and as 66 is the mean 
between 60 and 72 would be selected moat probably for the purpose. 

Tables XVII. and XYIII. are compiled from Fig. 123, and will be 
found very convenient for pocket reference. 
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TeBting Speed of TrainB. — It is the practice on the British rail- 
waya to fix posts aloogside the track a qcarter of a mile apart, every 
fourth post indicating hf caet-iroa figures the full mileage from the 
begianJDg of the lloe or branch. This is a great convenience in stating 
the location of objects generally along the railiray and for determiaitig 
speeds is indispensable. 

If the posts have been fixed accurately in position, it is possible, 
while travelling nnobserred in the train, to record the time occupied in 
passing every qnarter-mile post. 

Where great speeds are anticipated it is advieable that two persons 
should be engaged, one using the stop-watch and the other bookii^ the 
Umes occupied. 

These observations should be taken once a month both on^the up and 
down lines for at least a year, when the maiimom speeds attained during 
that period may be tabulated. Also for the purpose of arriving at the 
superelevation of the outer rail on curves, it may be decided to increase 
the figures generally as a precautionary measure. 

Again, there are speed restrictions through junctions, stations and 
otbcr special places wliere, owing to the difficulty of obtaining the full 
amount of cant or to other permanent way complications, restrictions 
must be laid down as required by each particular case- 
Unfortunately, there is abundant evidence on record, as shown by 
inquiries into railway accidents, that engine drivers constantly disregard 
these restrictions, especially when the traiu has been delayed owing to 
greasy rails, bad coal, or at stations, but such checking of speeds by stop- 
watch is a safeguard against the vagaries of the driver, who if repri- 
manded for exceeding the speed, observes the reetrictiona more carefully 
subsequently. 

Table XIX., giving the speeds of trains over a distance of a quarter 
of a mile, has been compiled for convenience in the preparation of these 
records. 

SapereleTation of Balls in Jonotiona. — In a junction of the 
description given in Fig. 124 it is impossible to give the proper amount 
of cant to each road on account of the curves leading off in opposite 
directions. It is therefore necessary first to decide upon the r^tive 
importance of the traffic which is carried along the two lines and to 
assign to one of them, probably the main line, the preference. 

The full amount of superelevation, in that case, will be given to the 
outer rails B, B, with perhaps a practical limit of 8 or 4 inches, and 
the permanent way engineer will decide what speed restrictions must he 
placed on the traffic passing to the branch line. 

This can be seen to be very necessary, for the outer rail b of the 
branch line, instead of being elevated, is actually lower than the inner 
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riiil for that portion between X and Y in Fig. 124. Conseqnently in all 
cases of this kind the cant is on the wiong rail. 



TABLE XIX. 
ID OF TiuiDia ovsB A DiaiiDCB c 
_, , yards p«c Moond x S 

M.P.H. = milM per honr. 
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In order to illnstrate this point further, let it be assumed that the 
main line is on an 80-chaia curve and the branch line 15 chains. The 
enter rails of the main line will need probably 3J inchos of superelcra- 
tion, and to this amonnt the cant of the branch line wonld be the wrong 
way. This being bo, it ie probable that the experienced engineer will 
recommend that all drivers be instructed to reduce speed to 8 or 10 miles 
per hour when paasing through the junction to or from the branch line. 

In complicated junctions, where it is desirable to provide as much 
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cant as poseiblc, nils are fonnd assmning all eoitB of different levels and 
much difRcnltj arises in timbering such places with the ordinary point 
and crossing timbers, becanse many of ^eee timbers need to be cat or 
adzed in order to sink tfae chairs low enough, thereby redacing the 
strength of the timber appreciably. 

It is very advisable in all cases of this kind to have exact templates 
prepared on the job, which will show clearly the relative heights of the 
different rails. From these special timbers can be prepared to soit the 
particular junction (see Fig. 125). The timbers ahown in Fig. 135 are 
representative of eight special through timbers which were nsed in a 
particular place, relieving sixteen timbets of different lengths, and 
enabling the packing and ballasting to be accomplished more easily. 

Slbrpsbs 

Since the earliest method of supporting roils od stone blocks on 
railways was abandoned, the wooden transverse, or cross-sleeper, has held 
the field. About twenty-five years ago wrought-iron and steel sleepers, 
rolled or pressed in the form of a trough, seriously threatened the 
popularity of the wooden sleeper. So many of these, after a while, 
were found to have cracked, and also to be unanitable to withstand the 
varying conditions of the weather, etc., that they were gradually 
replaced by wooden sleepers, and sent bock to the steelworks for 
remelting. 

HaFdwood Sleepers. — The Anstralian hardwoods, Kani and 
Jarrah, have been tried with more or less success, but it remains to bo 
seen whether the extra cost involved will warrant their general adoption. 
The experience in some districts in England has been that this class of 
timber rots rather quickly in the middle, although the shell has the 
appearance of being sound. If this defect becomes general the hard- 
wood sleeper will soon be replaced. 

Feno-Conorete Sleepers. — Again, there is the modem com- 
bination of concrete and steel, so aoitable for many engineerii^ works, 
which has been pnt forward as another competitor for nse in the manu- 
facture of sleepers. The handling of any of these sleepers, which have 
been tried experimentally on English railways, has been found a sonroe 
of difficulty, though this would probably be overcome if they prove 
their worth. (See Reinforced Concrete Sleepers, p. 264.) 

The favourite sleeper in England, bo far, is that of Baltic red pine, 
and in order to ensure that each sleeper has a sufBcient proportion of 
hardwood, not more than two sleepers should be cat from one block. 

Preparation of Sleepera — Upon arrival in this country the 
blocks are sawn into sleepers, and after having been stacked for about 
six months for seasoning, they are adzed and bored ready for creoeoting. 
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The Bleepen are adzed about \ inch deep for the casL-iron chain, and 
in order to obtain a more perfect bearing, some railway companies 
introduce a layer of felt, abont | inch thick, between the chair and 
the sleeper, aa shown in Fig. 126. 

The sleeper is always placed with the heart side of its timber under- 
neath. This is done because, if placed with the heart side appermost, 
the annular rings have a tendency to open and admit water into the 
timber, and their dish-like direction to collect it, and so cause Uie 
timber to rot. By placing the heart portion below tbe.wster is directed 
away from, rather than into, the timber. 

When thns prepared the sleepers are next placed on iron tracks, 
and mn into a large steel cylinder, capable of accommodating from lOU 
to 100 sleepen. After the ends of the cylinder have been sealed the 
air is extracted to form a. vacanm, and the creosote oil is allowed to 
enter. The oil enters under a pressure of from 100 to 200 lbs. per 
square inch, and when the sleepers bare been under this treatment from 
one to two hours, abont one gallon of oil pet cab. foot of timber has 
been absorbed. 

The cast-iron chairs are then put on and the sleeper is ready for 



Life of Sleepers. — Sleepers which have been properly selected and 
treated in this way will last on an averse fifteen years in the main line, 
and after this period most of them are serviceable for further use in 
branch lines and sidings. 

The dimenBions of the sleepers are usually 10 inches wide by 5 inches 
deep, and the length 8 feet 11 inches. It is natural to anticipate the 
inquiry, why not 9 ft. ? The reason is, that many years ago there was 
a tax on all imported timber 9 feet and over in length, and the 
dimension 8 feet 11 inches has survlTed to this day. 

There are other methods of preBerring sleepers, some of which are 
patented. Among the latter it may be of interest to refer to the 
Haskinized process, for which a Urge plant was erected at Millwall 
Dock. In this process there is nothing put into the timber, as it is 
claimed that the natural juices are the right preserrattvea of all timber. 
The tree may be cut down in the morning, sawn into sizes in the after- 
noon, and in two days it will be ready for any woi^ for which it is 
required, without any tendency to shrink or warp. The timber is put 
into a cylinder 110 feet long, and air pumped in at a maximnm tem- 
perature of 240° Fahrenheit, and pressure of 240 lbs. per square inch. 
The result is stated to be similar to that from the boiling of an ^g. 
The natural juices are claimed to be converted into fibre, and the timber 
appears to be hard and solid. 

BeinfOFOed Conorete Sleepers. — There are many advocates, 
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mostly designers and maniifacttirers, of reinforced concrete railway 
sleepers, bat it la uulikelj, at the present, that a really satisfactory 
sleeper has been designed, and made with thia material. 

Many different types of design liave been laid down for experi- 
mental pnrposes, but some are heavy and cumbersome, others crack 
across the middle, and all of them seem to posseBB something of that 
ring which was noticeable when paBsing over steel sleepen at a fairly 
high speed. 

In these sleepers there also seems to be a lack of resilience, or 
spring, which is aaaocisted with the popular wood sleeper. 

Again, the timber sleepers may be ronghly handled by the men with- 
out causing tlie slightest injury to them. Indeed, it is quite a common 
thing to see men, when nnloadiug, throw sleepers, without mercy, from 
the top of the wagon to the ground. It is not certain that the rein- 
forced concrete sleeper could stand that kind of treatment, 

However, if the design can be made satisfactory, and the attach- 
ments properly protected from early deterioration, it might reasonably 
be expected that they would last much longer than wood aleepera, and 
so justify the extra care required in handling them. If it can be 
proved that tlie life of the reinforced concrete sleeper is double that of 
the wood sleeper, then the extra initial cost will show an economy, as 
resleepering will be saved, and other incidental expenditure. 

When preparing a statement of comparative cost, it is necessary to 
remember that wood sleepers will do duty in second-class running lines 
and sidings, after being replaced in the main line, also when finally 
discarded for railway work they will show a credit of a few shillings 
each for firewood. 

Spacing of SleepePB.— Like many established practices on the 
leading railways, the spacings of the timber cross-ties, or sleepers, has 
been a matter of evolution. For many years the standard distance 
apart, centre to centre, was 3 feet, bnt owing to the increased weight 
of locomotives, and trafiBc generally, together with the greater speed 
demanded nowadays, it became necessary to ky down heavier rails, 
and place the sleepers closer together. 

Fig. 127 shows an example of the spacing of the sleepers on a first- 
claBS line of a leading railway company. The spacing of the sleepers 
closer together, near the joints of the rail, must be specially noted, as 
it is at such points that serious hammering takes place every time a 
wheel passes over. 

Sleepers nnder Bail JointB.— There has been a great variety of 
devices for overcoming the annoying jolt which is noticeable in the 
train when the vehicle passes over the joints. None of these appear to 
have passed the experimental stage, and most engineers aire now 
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devoting their enet^es to making the old-faahioned batt joint u 
perfect as poesible. This acconnts for the increase in size of the sleeper 
on each side of the joint, heavier chain on these particalar sleepers, 
and an increase in the strength of the fish-plates and fasteninp. 

The use of welded joints is impossible on account of expansion and 
coDtnctioD, and the splayed or scarfed joint was foond to be no Im- 
provement on the bott joint The splayed rails caused troable when 
they had to be cnt to shorter lengths for fitting purposes. 
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FiQ. 137.— Diagram alioniiig apacuig of 



60 ft. rvil 4«— Wft/wy. 

slewerB, first^ass lines, 60 ft. ruls, 

ftoh leugth. 



Again, joints have been placed in a cast-iron chair, sccnred to a 
large sleeper or timber, with complicated malleable cast-steel attach- 
ments, but the results were no better than from the comparatively 
simple fish-plates, as shown in Fig. 106. 

On the other hand, the joint sleepers require constant attention from 
the platelayers by lifting and packing, and although the effect of the 
hammering is reduced by bringing such sleepers closer together, it is 
necessary to remember to leave suf&cient space between them to permit 
of a pick and shovel being used freely. 

Hammering at Ball Joints.— The rail which is called the 
"runniog-on" rail always wears rather quicker than other portions 



iv.Goo^^lc 



PEBMAUENT WAY 267 

at the point marked X (Fig. 106), and the platelayers keep a stock of 
hoop iron, which they cat and bead in the shape of an angle for the 
purpose of filling up the small space caused by the wearing of the soifaces 
between the fish-plate and the nnderside of the top fiange of the rail, as 
indicated at X on Fig. 106. 

Fish-plate Bolts.— One end of the shank of the fish-plate holt 
shonld be formed with a projection which is intended to engage with 
saltable holes in the fish-plates in order to prevent the bolts tarning 
when the platelayer is engaged tightening the nnts with a long-handled 
spanner. 

Chair Fastenings. — A very popular method of secnring the oast- 
iron chairs to the wood sleepers ia by means of two spikes and two 
screws shown in Fig. 128, but owing to the heavy traffic and increased 
speeds, in new tracks spikes are not used at all, three screws being found 
to answer the purpose much better. 

The screws, however, must never be driven dowu to the chair, but 
a wooden ferrule be placed in the hole in the chair to act as a sort of 
cnshion between the screw aod the chair. This is shown in Fig. 129, 

The platelayers tighten these screws from time to time, and when 
the ferrule has been compressed until the clearance is similar to that 
shown in the second illostration, it is necessary to replace the old ferrale 
by a new one as shown in the former illustration. 

Ballast 

In the early construction of railways, almost any kind of rubbish 
was considered good enough for ballasting purposes. And even now 
some very doubtful material is seen occasionally on main lines, but the 
probability is that the relaying and reballasting has not been completed 
throughout the system since the time when poor qualities of gravel were 



Cinders, and other material which come within a similar category, 
never can be really good materials for ballasting a modem railway. 
They lack the strength and body which a proper "topping" shonld 
possess. Indeed, on cinder roads, not only at the ends of the rail but 
also in the middle the cinders soon churn up into a black mud under 
the sleepers, rendering the proper repairing of the road bed practically 
impossible. 

The railway track bed of to-day must be made exoeedingly strong 
and substantial, and only the most suitable materials are now used in 
the main running hues. 

Foundation. — After the formation has been brought to the proper 
level either by excavation or filling, as the case may be, it ii 
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provide an adequate fooDdation by aeeiog that tbe Babstracturc is 
perfectly seen re. 

Babble pitchiag 10" to 12" thick makes qnite a good fonndatioD, 
and Fig. 130 illualstttcs the manner in which it should be laid. If the 




cost of obtaining hard rubble pitching is excessive, it may be possible to 
Eubstitnte some of the more durable kinds of slag from steelworks, or 
other material from which a suitable foundation can be formed. 

Upon the pitching it is asuai to spread a few inches of broken 
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granite or other hard stone, and then when 
the aleepen are laid and the rails secured, it 
ia nsaal to ballast them ap to the sarface as 
ithowa. 

SpBClflcatlon. — A short specification for 
broken granite ballast is as follows : — 

The whole of the stone shall pass throi^h 
a li" diameter ring, 10 per cent, of it may 
pass through a ^" ring, and 1 per cent, of 
that 10 per cent, may pass throagh a \" 
diameter ring. It means a small graded 
stone and one there is no difficulty in moving . 
with a good shovel. ^"^ 

Wet Fobhatioh ■; 

A typical example of first-class railway 
constractiOQ is shown on Fig. 130, and the 
case in review was where the road was in -jt^ 
cutting with the stone foondation or pitching 
laid on day formation. 

The cntting torued ont to be rather wet, 
and eventually a 9" pipe drain was laid along 
the six-foot way, with 6-inch branch pipes 
leading to the side grips or pipes. These 
draioB were effective in carrying off a certun 
amount of the snrface water, but the top 
clay eventually began to chum np through 
the pitching and into the ballast, making ■ 
it cxLremel; difficult for the platelayers 
to maintain a good road. As time went 
on the track seemed to settle, and additional 
ballast was placed on the top for levelUng-up 
purposes. The old trouble of clay " oozing 
np " again appeared, and upon examination ' 
it was found that the original pitching had 
become buried completely in the clay. It 
was decided to place a fresh layer of pitching 
on top of the old, and top-up with new 
ballast. This was fully expected to success- 
fully remedy the trouble, but failed to do so, 
and in reality proved a very expensive form 
of "patching." It was necessary to find a 
remedy and accordingly an experiment was 
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tried, on a length of alwat a quarter of a mile, hj laying a S-inch layer 
of fine cinders, speciallf obtained from the engine sheds, evenly on top 
of the clay. New pitching was then placed on top of the cinder coating 
and the bed was finished off with ballast in the uscal way. 

Oarefnl obaemtion ?ras kept on the road, and when a period of fire 
years had elapsed and it was Been that the sarfoce ballast was still clean, 
it was decided to examine the foundation and discover what changes had 
taken place. The ballast ?ra8 removed for a length of about 15 feet, 
and the pitching when exposed was fonnd to be qnite clean. Under- 
neath the pitching, the layer of cinders had become caked and had hftd 
the effect of hardening the surface of the clay. The remedy was con- 
sidered a complete snccess, and the rest of the road affected by th& 
" oozing " tronble was treated in the same manner with excellent resnlts- 
This is an instanoe of a very sncceesfnl method of remedying a 
' particolar wet road bed, bat it mnst not be supposed that the same 
remedy will apply in every case. Engineers most be resonrcefnl in order 
to be Baccesafol in all their enterprises, and mnst first diagnose each 
case carefnlly, and then encourage their ideas fully to bd^^ a snitable 
remedy which most always be tested experimentally before being finally 
adopted. A good foundation is essential for the satisfactory main- 
tenance of any load. 

SOBSIDEHOE 

Although subsidences of railways due to miniug operations are more 
or less anticipated, the actnal settlement is generally accompanied by a 
little excitement and extra watchfulness, even though the movement be 
very slow. It is difficult to predict when it may develop into a serious 
matter, and even the platelayers seem to awake from their lethargy and 
assume an air of personal responBlbility. 

Coal Workings. — All the railway companies are in poBsesBion of 
correct plana of the coal workings under every portion of the lines which 
they control. These plans are prepared either by their own mining 
engineers or some mining engineer, in private practice, specially eng^ed 
for the purpose. The law demands that notice in writing be given to 
the railway company a reasonable time before operations are commenced 
at a particular " working." ThiB obl^atory notice is generally accom- 
panied by more precise information as to the depth and thickness of the 
Beam to be worked, and the plana are amended from time to time by the 
mining engineer. 

As opportanity occurs the railway engineer arranges for large 
quantities of cinders to be tipped on each side of the track as a pre- 
cautionary measure, and as the permanent way settles, the line ia packed 
up from time to time as required. 
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Notifications of Sabsidenoes. — When Babeidences occoi all the 
deparbmenta concerned will be notified and arrsDgementB made in the 
weekly notices for the slackening of speeda. Where necessary, detonatots 
may be placed on the raila by the flymen, specially to remind engine 
driveTB of the slackening. 

The weekly notices jast referred to are compiled from information 
fnmiahed beforehand by the different departments, which have work 
to do on the railway, such as permanent way, repairs, and renewals 
of bridges, signals, etc. Engine drivers, traffic inspectors, signalmen, 
and others interested are supposed to make themselves familiar with 
all the printed matter relating to theit districts. 

Slips 

Slipa are very closely related to subsidences except that they, not 
infreqnently, take place without any previous warning. 

In some cases an embankment may have given signs of movement 
long before the actual collapse takes place, whilst in others the first 
intimation comes from the ganger or engine driver who reports the 
matter to the nearest signal cabin. 

Flagmen are immediately called out to either stop or slacken trains 
and the engineer arranges for as many trains of cinder ballast to be 
sent to the spot as are thought necessary to pack the road temporarily. 

The cinders are unloaded along the whole length of the slip, both 
in the six-foot way and alongside the line, and the permanent way is 
packed until the desired level has been obtained, watchmen, of course, 
remaining on duty as long as required. 

Cinders used in this way will very often remedy the evil, but when 
the slip is seriooB and likely to give further trouble, the only effectual 
way of dealing with it is to drain the bank thoroughly. 

GoDnterfopt Draina. — This can be attained by constructing 
rubble counterfort drains from 4 to 7 feet wide, and from 11 to 30 feet 
centres as occasion may require. The excavations in the slope should 
be continued down to a depth of about 3 feet below the bed of the slip, 
i.e. below the wet slurry. When this point is reached the rubble is 
thrown in and the shoring or trench timbers withdrawn in the usual 
way, at the same time patting in drain pipes to conduct the water to a 
suitable outfall. A section of a counterfort drain actually constructed 
a few years ago in a very high and important embankment carrying a 
main line is shown on Fig. 131. 

The surface of the slope is reprodnced from actual levels, and the 
bulge towards the bottom proves nndonbtedly that the bank had been 
more or less unsettled from its inception about forty years previously. 

The above method of constructing counterfort drains may appear 
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to the aninitiated extravagant, bat when there is certainty of Bocoese. 
the mere queetion of cost Bboold not be allowed to intervene, where 
the risk of accideot ia bo great. There are man; tbiags in connection 
with railway engineering in which economy may be introduced with 
advantage, bnb Blips and subsidences do nob come within that category. 
As an alternative to the straight connterfort drains rnnning down 
a bank, branch drains of the " Y " form on plan are sometimes adopted, 
and such drains can frequently be seen when travelling in trains. It 
does not follow that wherever these drains exist there mnst have been 
a slip necessarily, becanss if there is any apprehension as to the stability 
of the bank when in process of constmction, owing to the presence 
of water or for other reasons, the precaution would be taken of intro- 
ducing snch drains at snitable intervals. For these drains rubble of 
irregular sizes is the most suitable, the largest pieces being no heavier 
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Fia. 131. 

than what a man can lift and place, say, 70 lbs. Slag from ironworks 
or any hard and durable material will do quite well, especially if it can 
be obtained quickly and the price is satisfactory. 

TempoFary Expedients. — Before commencing the excavation for 
drains where a slip has occurred, it is advisable and indeed necessary, 
to place stout longitudinal timbeiB, under the existing sleepers which 
carry the rails, of sufficient length to be well clear of the trench, say, 
30 feet to 40 feet long. Also, in order to make perfectly certain that 
the longitudinal timbers have a proper bearing, second-hand sleepers 
should be placed close together under these timbers as shown in 
Fig. 132. 

Pig. 182 show a useful arrangement of timbers for emergency 
purposes, but modifications, if necessary, can be introduced easily in 
the details, so long as the object is well understood, namely, disbributioD 
of load, on suitable formation, for the purpose of safety. 
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Probabla CamaB. — From careful observations made of some 
recent slips, it appeared tbat when the embankmente were formed the 
earth was tipped eideways, and alirajs at nearly the full height, the 
consequence being tbat the largest pieces of clay wonld roll to 
the bottom, the finer and softer material remaining in the middle. 
The clay at the aides wonld, no doobt, prevent the escape of water, 
as it becomes after a time more or less impervious, and the contiDOsl 
vibration caused by trains passing over, wonld have a chnming effect 
opon the softer material forming the inside of the embankment, and 
nltimately lead to movement. It is the wet stuff in the middle which 
must be tapped in some way. 

Fonning Embankments. — A very good method of forming a 
high embankment is to have three separate temporary roads divei^iog 

Reilway 



from the overland sidings and to tip endways, keeping the two outside 
tips the more advanced, while the middle one follows on and acts as a 
kind of key. 

Another method, and one which is frequently adopted, is to tip in 
layers about 15 feet deep, taking special care that the bottom layer, 
and, in fact, each sneering one, is kept to the full width of the 
embankment. 

Slips are primarily dne to water finding its way into and accamn- 
lating in the embankment, or they may be due to a poor clay which is 
sodden with water, sliding on the original surface of sloping ground. 
However, in good work it is usual to bench the surface of the original 
sloping ground in order to give the tipped material a better hold. 

If an existing bank is being widened, it is necessary to cut 
benchings in the original slope to enable the new filling to unite vith 
it (see Pig. 133). 
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The height to which an embankment shoald be taken above what 
IB permanently reqnired, depends npon the material nsed, and also npon 
the weather during the period of work. Some experience is necessary 
to decide upon this amount, but, speakiDg generally, if an embankment, 
say, 20 feet high and 100 feet wide ia formed of clay in changing 
weather, it shoald be taken about 15 inches higher than the desired 
permanent level to allow for settlement. If the work is done in dry 
weather about 21 inches shonld be allowed ; and if the clay has been 
excavated by a steam navvy, it is necessary to allow even as much as 
30 inches. A common rule which applies in the case of clay, pretty 
generally, ia to allow an estra inch for every foot of height of 
embankment, for settlement purposea. 

An embankment of sand and gravel settles very little, and it is 
rarely necessary to allow more than a few inches. 

On all embankments a naiCormly distriboted thickness of soil of 
not less than 6 inches should be spread over the surface of the slope 
and sown with grass seeds in the proportion of 30 lbs. of rye grass and 
16 lbs. clover to each acre. 

Platfobm Oopdigs 

The standard height of platforms is 3 feet above the surface of 
the rails, and the coping is fised at a distance of two feet from the 
onter ec^e of the nearest rail, on a straight road. Therefore, where 
the track is curved, an allowance most be made for the veisine and 
cant, which will necessitate the coping being set back a certain distance, 
varying with the ladins of the curve, and the amount of the cant. 

The standard dimensions of the largest rolling stoak being known, 
it is only necessary to calculate the normal position of the footboards 
when passing ronod a particular curve. Bat the effect of vibration on 
the springs of the vehicles most not be overlooked, and perhaps the 
most reliable method of setting out a new platform coping, next to 
using the vehicle itself, is to make a templet. 

Assuming that the carve is correctly laid ont, and knowing the 
wheel base of the Urgest vehicle, it is not a difficult matter to make a 
templet, defining the outside limits of the footboards, and after making 
due allowance for clearance the coping may be fixed in position. 

The introduction of longer vehicles from time to time involves the 
setting bock of many of these platform copings, which are sitnated on 
fairly sharp curves. In all these cases the templet is the most convenient 
method of arriving at the proper clearance. 

It must not be overlooked that the older pattern vehicles, having a 
shorter wheel base, and a smaller width across the footboard, would 
show a rather wide space between the nose of the coping and the edge 
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of tlie footboard, and be a soarce of danger to the public, conecqaeatly 
it is advisable to make a Dot too geaeroos atlonance for clearaDce. 

FOUNDATIOSS UHDRK WATBE THOUQHS 

On the main lines of the more important railwaja it is naoal to la; 
water troughs in the fonr-foot way, which have a length of about half 
a mile, so that engines on the long-distance rnna may pick ap water 
whilst travelling. 

It IB qnite to be expected, that every lime the scoop is nsed a con- 
siderable qnantity of irater flies on to the permanent way, and precau- 
tions most be taken to carry away this waste water as quickly as 
possible, without damage to the track. 

La^e-eiied pitching ia laid as a foundation under the troughs, and 
for a considerable distance beyond each end, the depth being 2 feet 
6 inches in the centre, and 4 feet towards the outside of the track. 
The overflow water percolates through the voids in the pitching, and 
finds its way eventuaUy into the side drains (Fig. 1S4). It is found, 
however, that after being in constant use for four or Ave years there is 
a gradual deterioration in the fllterii^ qualities, probably caused by the 
voids becoming choked with dirt. 

There is plenty of room for improvement in the formation of the 
track in such situations, and the defect above referred to naturally 
leads to the question why the overflow water should be allowed to 
penetrate in such large quantities below the bed of the sleepers. 

It is quite unlikely that an impervious road bed has ever been tried, 
and although there are many possible ways of constractiag such a 
track, a carefully applied scheme of reinforced concrete suggests itself, 
as one which would be Ukely to be very snccessful, especially if the 
finishing layer of flne concrete has been waterproofed by one of the 
many proprietary brands on the market. With reference to this latter 
point, if something approaching a perfect result is to be obtained it will 
be necessary to use asphalt, which is, without doubt, acknowledged to 
be the best waterproofing material for such a purpose. 

There would be no difficulty in carrying out these ideas on a new 
railway, bat it would be a rather tedious operation to sabstitnte re- 
inforced concrete under the water troaghs on existing lines, where 
traffic mnst proceed as usual. No doubt, if absolutely essential, even 
this is not insurmountable, 

Conolnding Remarks. — It is very desirable and, indeed, necessary 
that all students of railway engineering should seize eveij opportunity 
of witneasing work in progress. 

The chief engineer, of course, will see personally that his pupils are 
iastmcted properly in most things that matter from a practical point of 
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view, bnt there are many apprentices and draoghtsmen whose know- 
ledge and ability would be improved materially if their hearts are in 
their work, l;^ their getting into tonch with the inspectors, and arranging 
to accompany the staff. 



The operations in coDocctioD with the relaying of a junction, or the 
renewal of a bridge, are commenced nsnally between 4 and 6 a.m., and, 
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although it may be possible to reacli the point b; paaaenger traiB later 
in the day, the edaoational vaiae of the visit is coasidenihly discoanted 
by a late aniTal. 

It is strongly to be advised that the ambitions engineer stAit with 
his men, and make notes, sketches, and records of the times of the 
rarioQs stages of the operations ; tabnloting these and other impres- 
sions at the opporttme time within the foUowing few days. 

The true expression of engineering work is only obtained by the 
proper application of theoiy and practice ; yet how frequently one 
disooveiB in designs a serious lack of practical knowledge, which never 
fails to impart a feeling of donbt, in the mind of the foreman, as to the 
sncceeafnl issue of the work. 

There are endless opportunities of adding to, and improving, one's 
knowledge and ability, and the yoang engineer who " makes good " on 
the lines suggested is paving the way to his receiving a due reward 
sooner or later. 

The draughtsmaQ commences business at 9 a.m., and finished 
probably at 5, or 5.30 p.m., and considers himself a free lance until the 
following day. Such men possibly may serve a useful purpose according 
to their lights, but sarely the " light " seems a veiy dim one when 
thinking of the awfnl monotony of " poshing " a Tee square to the end 
of one's days. 

With all its ramifications civil engineering is one of the most 
interesting and delightful pursuite, but no man has ever risen in the 
profession to any position of importance and responsibility without hard 
work, and plenty of it. 

Accordingly, it is necessary to impress upon all how essential it is to 
see actually as much work in progress as possible, in order that their 
theory may become a live force, ready to act in conjunction with their 
practical knowledge in the production of real, natural, aud stable 
structures. 
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Babokbtric Htpbometbt and Tables 
As aneroid barometers are graduated by camparison witli a Btandard mercnrial 
barometer, it will only be necessarj to deal with the latter here, since all 
barometric tables are constructed for mercnrial barometers. 

If changes in elovatioa acconated for all the variations in the readings of a 
barometer, no correction after that for the initial datum wonld be necessar;, 
and the instrument would be of much greater value for levelling pnrposes. Also 
a device by means of which elevations could be read to inches would have tieen 
attached to them by now. Unfortunately barometric readings iadicate preaflures 
of the atmoBphere, the density of which latter is not homogeneous. Also 
temperature plays an important part in causing the need for corrections. 

The United States Coast and Geodetic Survey have contributed the results 
of very exhaastive investigations of the use of the barometer for levelling par- 
poses to the ecienUGc world. This is sot out in their 1881 report in Appendix X. 

Perhaps the principal lesson learnt from these researches is that "the 
greatest uncertainty in barometric hypsometry arises from the imperfection of 
temperature corrections." Results vary very much with the seasons of the 
year, and also with the time of day. In the warmest season the results are too 
great, as also in the warmest part of the day. In a similar though contrary 
manner they are too small in the coldest season and part of the day. 

It was i^scovered that these discrepancies arose from the erroneous sssump- 
tion that the average temperature of the air column, upon which the difference 
of pressure tietween the two stations depends, is the average of the observed 
temperatures at these stations. 

Table XX. is taken from Table XI. in Appendix X. of this report, and ia 
derived as follows:— 

Let A — height of atmosphere (assumed homt^eneons) in the average 
latitude of 45°. 
r = corresponding height of barometer. 
r. = reading of barometer at upper station. 
Tt = reading of barometer at lower statioo. 
A = difference in elevation between the upper and the lower station. 

How the relative density of the imaginary homogeneous atmosphere with 

reference to mercury = j. 

This may be assumed constant and = S. 

.■.^r = 8A 
An infinitewmal change in A, namely dh, will bear the same ratio to or as A 
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.-. dr = MA 

If thia be integrated betweeo the limits r. ukd r, we have 



4 = A.J^'^ 



= A.bg.a 
or h = A.Iog,10.1og„-' 

/. A = A . 2-3026 . log ^ (I) 

in the common system of logarithms. 

To find a Tiklne for A it wan nocosaarj to Bad experimea tally what A would 
become at a temperature of 32° F., and where gravity was taken into account. 
Knowing the specific gravities of mercury and air a relation could be obtained 
between A t,aA the height of the barometer at saa-kvel at 32° F. In this way 
and taking account of gravity approximately A^ (at fiea-lcvel) was found t« have 
a value of 26,284 feet But the coefficient of expansion of air for 1° F. 
= -002034. 

Therefore for any other temperature than 32° P. we have 
A = 26284 [1 + ■002034(i - 32°)]; 
or where t is the average of the temperatures at the upper and lower stadoae 
(. and ((, WQ have 

A = 26284 [l + -002034^-^ - 32")1 
or A = 2628^1 + OOlOlTCt, + I, ~ 64°)] 

Substituting in equation (1) we get 

6 = 26284[1 + -001017(t. + (, - 64°)]2-3026.1og^ 
.-. A = 60521-6[1 + ■001017((, + 1, - 64°)]log ^ 

Taking the barometer reading at sea-level to be 30 inches, and assuming the 
mean temperatnre of the two Btations to be 50° F., this last equation may be 



h = 6052r5[l + ■001017 x 36°]log^ 

[30 301 

log 1(^— ... (2) 

The yalnea ^ven in Table XX. represent one portion of this quantity, e^. 

6052I-5[1 + -001017 x 36]log— , corresponding to the barometer reading r. 

Thus if the two values corresponding to the readings ru and rt he deducted fro m 

one another we get the value A of the diOerence in elevation as in equation (2). 

Now it most be noted that this table has been compiled for a mean tempera' 
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tura 60° F., ooQseqQeotly in considering the coireotioos dne to temperature, it 
will be necwsaTj to mabe the correofion negatiTe when the mean temperature 
IK below 50° F., and poeidve when the mean temperature is above 60° F. 

For this puipOBe Table XXL is compiled from Tables I. and IV. in 
Appendix X. of the 1881 report of the United Slates Coast and Qeodetic Saire^. 



TABLE XX. 

Cont^ning E (elevation) = 6052l-6(i + -001017 x 8e» P.) log- 

The average temperatDie — ^— Is wsumed to be 60* F. 
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Tbanht o¥ Bia Loads 
Thk Hwlway En^aeer is frequently requested by the Traffic Superintendent 
to advige as to the method of loading and hauling such loads of inordinate 
length and balk, as are offered to them for transit from time to time by traders, 
accordingly a few obserratioDe on some of the esBontial points to be kept in mind 
are here Bet out 

For what might bo termed everyday traffic purposes, all articles are required 
to be loaded in such a manner that they shall not project in any part beyond 
the " Maximum Loading Gangs," and it is well, therefore, always to have a 
diagram with dimensions showing precisely what this gauge is, as they vary 
slightly on many railway aystemB. On some railways it is 13* G" above the 
centre of the four-foot, and on others it is less. 

There is another diagram of eqnal importance and closely allied to it called 
the " Minimum Structure Gauge," which, as ita name implies, controls the 
nearest points either over or alongside the railway to which any bridge or 
structure can now be built, and this is 14' 3" shove the centre of the four-foot. 

Unfortunately, on msny of the older railways there are over-bridges which 
do not conform to this gauge, and there are also girders of under-bridges which 
project considerably above the rails; these fouling points must be corefiilly 
recorded, and kept in mind when considering the question of haulage of excessive 

It is not always possible to find an absolutely ooirect detailed drawing of all 
the older bridges and structures under the control of the Department, and as it 
would entail too much time on the usually limited statf to make surveys and 
cross- sections in all these cases, it should be considered by what means sufficient 
information con be obtained in the shortest possible time, to enable a decision 
to be come to npon some scheme of loading. 

Device for Ueasurlng Sxlsting Btmotores. — A method which the 
authors have found successful is shown in Fig. 135, where a home-made 
apparatus is attached to the end of an ordinary brake van, and used for the 
pnrpose of meoaoring structures very quickly when fonnd to be within the 
limits. The apparatus coDHists merely of strongly hinged arms — not shown on 
the figure — secured to a frame, the points of the arms bsing so arranged as to 
conform stricUy to the ootline of the "Minimum Structure Oange." 

The van ts then attached to an engine, and run specially over the district 
on a selected quiet day — usually, Sundays are the most convenient — when 
careful observation is kept on the pointers during the run. In all cases where 
the pointers are disturbed a stop is mode, and the dTaughteman — properly 
equipped with spirit level, measuring staff, plumb-bob, tape, etc. — will take 
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paiticulare of the " tight " placee in a comparatively short time, always remem- 
bering that the rul level ie the datum from which the inrormatioD should be 
obtaiDed, and that the cant on the road should be taken very accurately at each 
place where the croBB-Bectional meamremeiits are required. 

A careful record is thereby obtained of all encroachments on the " Minimnin 
Structure Gauge " thronghont the dUtrict for which the Engineer it respouaible, 
and these records should be plotted in a book, or on drawing paper to a fairly 
large scale for future reference, as definite adrice on such queatJonfl is frequently 
demanded by the Traffic people, and expected to be given in the course of a few 

Now all theae precautions are quite tmnecessary if the load ie an ordinary 
one, such as comes within the " Maximum Load Qange," but serious questions 
of transit arise when traders are desirons of forwarding articles considerably out- 
side this gauge, such as large boilers, cables on drums, armour plates, fo^bgs, 
etc., and it is on these special occasions that the careful records previously 
referred to are eeseotial, for the reason that an article when loaded most be 
quite clear of all those tight places, and a scheme of loading must be evolved 
which will ensure safe transit. 

Therefore, with ordinary care, there is not much difficulty in devi^g a 
method of framing for supporting a load of excessive bulk, and it remains for 
the Engineer to state what precautions shall be observed during transit, eapeoially 
in respect of speed restrictions. 

Of course no hard-and-&st rule can be suggested, as every one of these 
special loads differ in some respects and therefore require individual treatment, 
but when the question of loading and conveying very long articles comes to be 
considered, there are certain precautions which must be observed in order to 
secure safe travelling. 

Szamples. — The railway companies as a rule have a stock of wagons 
specially designed for the esclusive purpose of conveying rails, but as the pre- 
cautions which are about to be enunciated have been incorporated in the equip- 
ment of such special vehicles, there is no need to describe them. 

Rails being of a flexible nature, it follows that they require supporting at 
intervals thronghont their length, somewhat as shown in Fig. 136, but it is 
important to remember that there is a great distinction between supporting and 
fixing. 

The load — which in this case cousbts of a large number of rails suitably 
stacked and tightiy chained at int«rva]s — is prevented from moving laterally by 
the timber blocks wliich are spiked to the bolster beams B B, but in order to 
prevent undue friction the bolster beams are permanently attached to the body 
of the wagon by means of a central bolt which acts as a swivel. In fact large 
numbers of this type of wagon are in the service of the Goods CepartmeotB in 
regular use on the principal railways. 

Fig. 136 shows very clearly Uiat although the load is bound round by a 
chain it is supported by a bolster at the points A A and free to slide laterally, 
and the extent of this lateral sliding may be calculated quite readily when the 
sharpest onrve which the train has to negotiate on its Joumey is known. 

The load being fixed centrally over the four-foot at B B, and being per- 
fectly straight from one end to the other, the offset from the curve will be con- 
trolled by the distance between B the fixed point and A tlie sliding point 
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KDoiring the curve uicl then haviDf; calcslated the offset, bf adding to th« 
result half the width of the load a dimenaioa is obtained, which gives at once 
the minimum allowance for lateral sliding on the bolster A, and to this calcolated 
amount a little Bhonld be added as an extra precaution. It is obvious that if 
the load were fixed to each of the four bolsters in the manner shown at B the 
rigid load would simply force some of the wagons off the road when paseiDg 
round a curve of even moderate radius. It cannot be emphasized too much 
that long loads of this description must not be secured in any way whatorer to 
the vehicles except to the bolstera only in tha two poaitionB indicated. The 
amount of freedom to slide on the remaining supports can be ascertained by a 
umple calouladon. 

Seeing that the load in this instance is secured to the bolsters kt B B, it 
would be an advantage to screw up the coupling at D fairly tightly, otherwise 
the load may eventually get out of hand by a movement backwards and 
forwards. 

There is no objec^on to introdocmg spring buffers and the loose chain coup- 
ling at C C, as the extreme ends of the load are free to slide in any direction on 
the bolster beams. 

The bolster beams have attached to them at each end a " D " hook, and in 
those positions where the load is doscribed as being fixed, it is understood that 
the chains, etc, are fixed to those " D " hooks only, and not under any circum- 
stances to the body of the wagon, for the reason tluta certain amount of "play " 
is necessary, and this is obtamed by the bolster being arranged on a swivel. 

Fig. 137 is a very interestjng example of the precautions taken to convey 
safely on the railway a propeller shaft we^hing ten tons a distance of 300 milcE. 
In this instance the load does not appear to have been absolutely fixed in any 
part of its length, although tite slack chains and ropes at each end would do 
doubt " persuade " it to keep within reasonable limits. 

From the general principlea of loading to be observed which have already 
been explained, together with the full particulars endorsed on F^. 137, there 
appears to be no neoesaity for any further comment, except perhaps to call 
attention to the interesting cradle arrangement introduced at A for the pnrpoee 
of preventing the abaft turning or rolling. 

Fig. 138 is an example showing how to load long timbers and similar 
articles which are capable of snetaining their own weight between the points 
of support 

Still adopting the principles already laid down, it may be noticed that the 
loads are again rigidly secured to the snivelled bolstera by means of packings, 
and chains passing round the loads only which are attached to the steel " D ' 
hooks at the ends of the bolster beams. 

No other attachment whatever is made to any other vehicle at any poinl, 
the intervening chiuns shown on the figure being merely for the purpose of 
binding the logs tt^tber, clear of the wagons. 

The low-sided tmcks at each end and between die bolster wagons— called 
" Runner Wagons " — are of course only required for the purpose of spacing 
during transit 

Fig, 139 (p. 293) shows a method which was adopted for carrying an extra- 
ordinary load in the form of a drum weighing between sixty and seventy tons. 
The total weight including load and trucks amounted to something appnwcliii^ 



by Google 



toe* free to slide 
of truck 



idinf surfaces to be greased. 



3^1^ 



TTT: . 



TT^ 



- Low Sided Truck _ 
as a Rumer (K^j 



Beam topreiwit load 
sliding of truck. 



TTTT 



3H 




rr o () 



—Im Sided Truck— 

[To/awp. a86. 



by Google 



b, Google 



APPENDIX II 287 

ninety tons, ho that with equal distribution there waa b. load of nearly fifteen 
tons on each aile. 

The distribution was obtained as for aa practicable by means of wedges, 
which were afterwarda spiked and dogged to keep them in position. Anange- 
roents were made for an inspection at important stations daring the ran of 400 
mites, and any alight adjustments which were found neoesssry were attended to. 

Fig. 140 (p. 293} is a fnrther example showii^ how a steel girder weighing 
tons may be conveyed. 

Very few of the balky articles — that is those which exceed the " Maximnm 
Load Oange " — are alike, and it is sarprising the number of really interesting 
problems which fall to the lot of the Railway Engineer, reqntring mnoh ingenuity 
and canfnl thonght in order to solve them Batisractorily, 

The mere foot that the Engineering Department frequently hare awkward 
articles of their own to carry about is a sufficient reason to justify the stndy 
of this question carefully, apart from the probability of being requested to give 
expert advice to another department. 

Coat of Troneit.— The final question of the eitra cost to the trader 
of transit in respect of these exceptional loads is not a matter for the Engineer, 
provided his. obligation is confined to expert advice only, but if the Engineer's 
Department is involved in chaises for loading, examination and so forth, the 
amounts will be debited to tbe TrafGo people in the nsual way, who recover 
ultimately from the trader. 
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dulu. 
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i 


84-81 


a 


17-41 


i 
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i 


sas'OO 


H 
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i 


17-23 


9 


11-00 


A 


680-00 


8 


88-00 


a 


17-04 


i 


10-85 


i 


«ia-u 


A 


83-48 


i 


16-86 


I 


10-71 


A 


817-80 


i 


81-78 


H 


16-68 


8 


10-67 


i 


966-18 


A 


81 18 


6 


16- 58 


1 


10-43 


A 


839-17 


1 


80-66 


A 


16-38 
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10-29 
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39-88 


i 


18- 17 
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A 


179-85 
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99-36 


A 
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1003 
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16S-SS 


A 
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15-87 


10 


9-91 
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lM-73 
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38-86 


A 


15-69 




9-79 


i 


188-OT 


A 


37-81 


8 


16-68 




9-66 


a 


las-ao 




37-43 


A 


16 '87 




9-55 


i 


lU-88 


H 


36-87 


i 


16-28 




9-41 


a 


106-n 
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36-40 


A 


16-09 




9-83 
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99-89 
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36-99 
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14-94 




9-9S 


A 


98-18 
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36-66 
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14-80 
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88-78 
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26-18 
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14-67 
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81-18 
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34-77 
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8-90 


i 


8009 


A 


24-87 
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14-40 




8-80 


A 


76-68 


i 


24-00 
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8-71 


8 


72-87 


A 


38-64 


7 


14-16 




8-61 


A 


68-86 


i 


33-80 


A 


14-03 




8-63 


i 


S6-ff8 


A 


22-96 


i 


18-90 




8-43 


A 


63-« 


8 


32-68 


A 


18-78 




8-84 




SI 11 


A 


32-31 


1 


18-G6 




8-36 


}i 


68-67 


i 


22-06 


A 


18-64 




8-oe 


i 


56-89 


A 


21 -71 


8 


18-43 




7-98 


19 


64-63 


i 


31-40 


A 


18-33 




7-77 


i 


53-90 


H 


31-13 


i 


18-30 




7-63 


}i 


51-94 


i 


3084 


A 


18-10 




7-48 


3 


49-70 
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30-67 
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12-99 
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43-00 
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H 


13-88 
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46-61 
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30-05 


i 


J3-79 
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A 


46-88 
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1980 


a 
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6-96 


1 


44-00 


A 


19-57 


i 
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6-84 
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42-97 
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19-83 
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13-47 




6-73 
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41-88 
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19-09 


8 
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6-61 
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40-64 
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18-86 
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13-19 
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18-43 
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11-88 
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A 
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6-10 
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86-03 
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17-81 


i 


11-82 
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85-30 
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17-60 
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INDEX 



Abvzy level or oliiiomelei;, 13, 6! 
Accommodation norka, 1S2 
Adjustment of oorveg, 210 

track, 238 

Advancing b; bearing, 23 

Alignment, 43 

Anraoid barometer, 3S, 28 



- ot oroesioga, measaciag the, S! 

.Table of, 238 

Agaiatant Bnginsec, 64 
ABdonomioal obgeivations, S4 
Axemen, fiC, G6 

BuiAHcma the material, 76, 80 
Ballast, 267 

— foundations, 26T 

— , BpeolfloationB foe, 269 
Band ateel, 33 

Barometer Tables, 80, 281,283 
Batter pegs or slope stakes, 187 

— — — for cuttings ta two 

materials, 192 

Beginning of carve (E.G.), 107 
Benohea for side-sloping ground, 374 
Benoh-marka, 33, 49, GO, 63, ITS, 186 
Board of Trade requirements, 161 
Borrow or waate ol materiala, 76, 77, 

80,82 
Borron-pita, IQfi 
Branch lines, 3 
Bridge ohoir, 323 

— fooudations, 67 
Bridges, renewal of, 377 

Bridges, setting out foondationa of, 

196 
Bridges, setting oat foundations ot, on 

onrvee, 300 
British Standard Speoifloatlon, 204, 



CiuimATED couraes, 48 
Cant ot roils In junctions, 2S0 

on onrves, 119, 367, 259 

, rules for determining, 190 

, versine method ot determin- 
ing, 121 
Cants and versines, 3S9 



Centre line of railway, pegging ont, 
188 

Centcifngal foroe or radial aocelera- 
tion, 134 

Chain, surveyor's, 33, 346 

Ohaluing the located line, 96 

Gbainman, 66 

Chair fastenings, 267 

Chairs, 361. 268 

— , bridge, 333 

~, oheok, 316 

— , point, 333 

--, speoial, 333 

Check rail, 316, 317, 224 

Cinder ballast, 367, 371 

Girolea, ptopertiea of, 103 

Ciroompolu obaervationa tor meri- 
dian, 47 

Oiroolar onrvee, 99 

Clay oozing out, 269 

Clinograph, 49 

Clinometer, 19, 36 

Coal workings, 370 

Code of signala, GS 

Commonioations between worUng 
gangs and signal cabins, 266 

'ompass, I '" "" 

ompensal 

Oompoond curves, 110 

(praoticol problem), 117 

Concrete sleepers, 264 
Continuous chainage, 44, 180 
Ooatonr lines, 10, 50, 61, 63. 176, 177 
Controlling pointsor governing points, 

16, IT, 24 
Co-ordinate method ot plotting, 34, 48 
Copings for platforms, 376 
Cost of permanent way, 254, 956 
Cramped fish-plates, 337 
Oreoaoting sleepers, 364 
Crossings 1 in 3, 319 
— , adjusting diamond, 317 
— , altering, 320 
—, diamond, 316, 236 
— , fiddle back, 334 
— , heel of, 315 
— , meaanring the angles of, 336, 2SS 
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300 m 

Orov^ngi, ordetliig, ass 
— , loiMara, aarj 

Orou-oT«r xot>i, simpla, 307 

, junction, 807, 316 

OrOBB-secCions, 83, IBS 

, sqcuting ofi (or, 193 

-, taking ftnd leoording notes for. 



r ties, a 



194 
CroBB-tleepen 



Cnbio pkraibolA, 137 
— tnnaition ipinl, 137 
Colverta, setting out. 200 
GnrTfttnre,99, 134 



ompen.. 



n lor, 8: 



— , method of magnifying, 165 

OtureB, adjustment of, 210 

, form o( notoa, 341 

— , circular. Betting out b; deflMtioo 
onglaa, 104, 106, 109, 110 

— , cicciU«r, Betting out by obord off- 
Bets, 109 

— . oompoimd, lis 

— tor sidings, SX 

— , length ot outer nul on, 339 

— , T»ble ot lengths of outer nil on, 
280,331 

— , problem in railway, 118 

— , radU ot, 99, 101 

— , reveree, 146, 163, 167 



— , setting out, by tangsnt oflaeta, 110 

— , — ^, — vereines, 113 

— , simple railway, 99 

^, tt&naitioD, ezamplea of, 150 

— , verlioHl, M 

Cutting rails, 314 



100, 104, 



Datdm line, 181 
DeBeotion angles, 48, 45 
for oircular ourvoi 

106, 107, 109 
Degree of onrre, 99, 101 
Depthsof oattingasjidembankmBiitB, 

74, 181 
Development tor distance, 18 
Deviation, limits ot, 178, 181 
Diamond ccooaing, 316 

movable or switch, 318 

DiSeraQce of elevation by barometer, 

38 
Distance of haol, 76 
— , measurement of, 18 
Ditches, oleaning side, 343 
Double-faoing oi doubla-oentring, 46 
Doable-line cross -rood, 216 

iunotion, 216 

aUp road, 215 

Drainage Byatem, 10 

Drains, oountectort, 371 

Draugbteman, 63, 66 

Duties of members of survey party, C3 



Earthwobk materials, 73 
Eoonomio haul, 79 
— materials balanoing line, 80 
BooDomioal rvlways, 3 
Elements of a railway curve, 101 
Elevations by tiarometer, 36 
Embankments, volumes in, 71 
— , forming, to avoid slips, 374 
End of curve (B.C.), 107 

, flattening, 118 

Equalization stations, 47 

Error, sources of, 66 

Estlniatlng cost ot permaaent way, 

354, 266 
Example of railway scheme, 83 
Excavation, levels for, 199 
— , setting out lines for, 196 
Existing itmatuiM,devi(ie tor meaoni- 

ing,383 
Expansion of earthwork material, 73 

rails, 361 

, Table of, 353 

ExploraUoa tor railways, 7 

FACB-umES, fixing, 198 
Facing points (F.F.), 307, 308 

FasteningB, 30l 
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Ouog, 195 



Field location, 92 

— notes, 14, 23 

— work, SS 

Final location, 36, 93 
First reoormaissance, 38 
Fish-plate, 327, 338, 351 

— — bolt, 367 

Flag signals, 3S7, 371 
Fog signals or detonators, 371 
Faroe, centrifugal, 134 
Formation, wet, 369 
Form of notes, 38 

on curve adjiutroent, 341 

Fonndation ot track onformauon,967 
Foundations under water trotigtiB, 

376 
Free haul, 77, 79 

Frdght, cost of transit of special, 287 
— , special, 385 

GAuaa of rulway, 30C 
Governing points, 16, 17, 34 
Gradients, 41, 68 
— , fixing, 71 



— , pusher, 41 
— , ruling, 41 
Guard or check tails, S16, 317, 334 

HAHKUBiKa at rul-jointa, 966 

Hand level, 18 

Haul, distaooe of, 76 

— , limits of economie, 79 
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HMdol 
HeBdWB7, 283 
Height of pl&Uonns, STS 
High ipeed numiiig, 169, 160 
High wAtermuk, 67, 60 
Highway orosalngi, 181 
Hm« or tornlng points, 44 
HypwHQetty, hwometria, 279 
— , — (TftUei), 381, 382 

iMFBOvmo the looated line, 6 
Inch to the mile plan, S4 
Inside keys for olikirs, 901 
Inspeotion and adjuitment of the 

tnok, 338 
luatrnments for rsoonnaisMOoe, 13 
Inteiseotion points, fixing, 91 



Ssn toi oh^n, 301, 266 

IikTHVim ftnd departnie method, 21, 
18 

Table, 81 

lATing permanent way, 248 

Leads, 313 

— , pannier, 231 

— , compntation of, 282 

Levelman, ST 

Level notes, 61 

— surface onttlngs and embank- 
ments. Table ot, 390 

Levels, 83, 19 

— bj hand level, BO, 63 

— on located line, testing, 91 
Lite of steel rails, 363, 361 
Light ratlwajB, 1 

Limitations of oompooDd ourres, 116 
Umits of deviation, ITS, 181 
Lines, BnrTe;ing with string, 246 
Load gange, tTHLiiTnnin ^86 
Loads, transit of Ug, 2S8 
Looated line as tiaverse, SG 
Locating line after raviuon, 179 

— on topographical plan, 89, 66 
Looation, oheoking in the flsld, 17G 
— , final, 36, 97, IBS. 183 

— , ofBoe and field, 36, 61, 93, 178 

— survey and plan, completing, 97 
— , trial, 38, 69, 176 
Longitnde, 18 

Longitudinal seotion ot profile, 49, 
61, 6fi, ISO, IBti 

— sleepers, 373 
Loops or spirals, 20 

Haih or trunk linea, 1 
Haps. 7, 9, 11, 176 
Marking stakes, U, IS 
_ steal r^ls, 311 



364 

Maxiinnin load gaoge, 266 
Ueasuremente of distance, 13 
Meridian, 48 
— , lajing down a, 46 
Mile poets, 360 
Miners' dial, 82 
Mode of conveyance, 13 
Momentnm gradients, 87 



Numbering stakes, 14, 45 

0b8bbtin<i points on reoomudssanoe, 

31 
Oooopatioa works, 186 
Odometers, 18,24 
Office InBtmments, 19 

— location, 61 

— work, 86 
Ordnance maps, 176 
Outer rails on cnrves, 239 
Outside keys for ohairs, 201 
Overbridga, 179 
Orerhftul, 77, 79 

PAXmBB lead, 231 

Paper lor plotting plan, 18, 51, 62 

FBrliamentary estimate, 181 

— plan and section, 176, 181 
Umits, 178 

, trial looation for, 176 

Pedometers, 18, 21 

Pegging out the centre line, 188 

Permanent way, 301 

, relaying, 260 

, En^h praotioe, 901 

design, 306 

, setting out, 210, 3*8 

, surveying, 343 

— — , — , toTia ot notes, 311 
Fioketmftu, rear, 66 
Pitohlng, 268 

— , rubWe, 266 

Finn and longitudinal section, 186 

Platform oopings, 3TG 

FlatfomiB, 327, 2T6 

Plotting the profile, 70 

— the traverse, 81, 18 

— methods to be avoided, 19 

— to distorted scales, 166 

Point and crossing diagram, explana- 
tion of, 238 

, formulM, 286 

P(dut ohair, 333 
Points or switches, 320 

— teadiog of! a stra^ht road, 307 
— , three-throw, 331 
Preliminary surrey, S7, 10 
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PraBSTvabion of timbsi alaepen, 961 

Frlmoktio oompus, IS, 33 

ProOle or lougitndiiikl Beotlon, 43, 64, 

66, ea 

— , oheokiiig on the gronntl the, 97 

— ,fliMJ,9T 

— , pktting the, 70 

— , TirtwJ, 90 

F\uhei gndienti, U 

QuuratTiKa, diHtribntion, 73 



Bisn of curvu, 99, 101, 1G9 
B^-joints, bumnering kt, S66 
EUila, expMuion of, Sbl 
— , emtar, on cuttm, 329 
— , nplsoement of, 368 
— , wdgUng, In trook, 343 
BallmTi of diflereot olan, 1, 3, 4 
IUilw»7 ■orve^ng in the United 

Eingdom, ITS 
Bale of gredient. 41, 68 
Betee of alopee in cnttinga of dlfEerent 

meterlmlB, 195 
Beu ohainmoD, 57 
BeoonnBisBenoB during pcellminarf 

■urvey, 22 
— , first, 7, 28 

— for route, 8 

_ in tropliMl totesta, 27 

— Tovtiua, U 
Befeienoe nutcka, 96 
Bdeying pemuinent way, 2(10 

, Intare, 363 

Beqniiementa of the Board of Trade, 

181. 1S9 
Bedstenoee on oorvee, 83 
Beveree onrres, 146, 158, 167, 906 
Bidsa route, 17 
Boedbad,367 
Book foundation, 198 



Bonte, finding the most suitable, 37 
Babble-pitching, 368 
Baling gradient, 11, 178 

to Bunimit of valley, 42 

Running r^, 216 

SaiLGS tor Pstliamentary plans, 175, 

181 
Sciasors-orouinfp, 337 
Seoond-olaee railways, 3 
Second reoomudBBanoe, 31 
Seotioni, otoss, 185 
— , longitudinBl, or profile, 66 
Selecting arsae and routes, 16 
— position of traverse, 31 
Setting-out marlu, preservation of, 



Setting-out work, 187, aoo 
Shift, oaee of oonstaut (spiral), 136 
Shrinkage, material, 72 
Side ditohea, 186 

— alopee, 186 
Sidings, 264 

—, curves for. 996 

Sighting on governing points, 17 

Signal code, 56 

— cabina, 356 
Single alip road, 316 
Sketching 01 



BIe««ers, 



. 963, 964 
— , hardwood, 363 
— , Ute of, 964 

— , preparation of, 963 
— , spacing of, 366 

— under rail-jointa, 266 
Slip-points, 217 

~ roads, 217 

SUpa, 271 

— , probable cauae of, 274 

Slopes of cuttings in different 

materials, 196 
Slope stakes or batter pega, 187 

— — — — tor onttings in two 

materials, 192 

Speed of trains. Table of, 961 

— , tcathig, 360 

Spiral curves connecting two (nrcular 

ourvea, 139 
— , equation of transition, 136 
— , evolution of lormulm for, 136 
— , properties of tranHition, 128 
— , setting out, by deflection anglea, 

— , , by oSaeta, 136 

Spirals or loops, 30 
Spiralling ends of curvea, 133 

— existing rtjlway curves, 165 
Squaring-oS for croBs-aeotiona, 193 
Stadia, 18 

Sta&man or rodman, 60 

Stake m&rking, 44, 46 

Staking out, 188 

Standing orders for Parliamentary 

work, 1T8, 181 
Stationa, marking of, 45 
Steps or benches for ude-lying 

ground, 274 
Straight line, extending by theodolite, 

46,95 
Structures, measuring existing, 283 
Subsidence, 270 

— from ooal workings, 370 
— , notification of, 271 
Subatrnotures, 368 
Summit oroaaing, 34 
Superslevatian of rails in junctions, 

360 
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ttloii, nilsa tor datermlu- 
e method of detoiminliig. 



Svdl of nwteriAl, 73 

Switohboolu, 19 

Switoh ud Bide i^ anglea bstween, 

338 
— MmnMUog with Inside of oarre, 

310 

ontslde of oorvo, 309 

— , ofiut or Uuow at heel of, 908 
— , atandArd distance at heel of, 309 
Bwitohw 01 polnta, 330 
— , three-throw, 331 



Taslx, baiometrio, SO 
— of angles between Bwitoh and aide 
nU, 238 



iTpBometrj, 381, 
to dilleraat 



barometrio 



oircular 

soalea. 388, 3S9 

ezpanaion of nils, 309 

level Burfaoe outtlngB and 



o&eta from tangenta fol enda 

of awltobee, 394-398 
onantitleB In onttlnga and 

embanltmentB, 71, 390, 391, 393 

speeds of trains, 361 

' gtha ot onter rails on 



A^jheometeT, 18 

Tangent pointa of oniTee, 91 

I'oDgaata or lengths of Btraight, 109 

Tapes, 316 

— , steel, S8 

Templates, 33S, 363 

Teat for ateel rails, 313 

Testing levels of looated line, 91 

TheodoUtea, 83 

Theodolite or tronsltmon, H 

Thermometera, 29, SO, 3T9 

Tlurd-olaaa roeids, 1 

Thread, 67 

Tiea or slsepeis, 362 

Timbers, special oroBsing, 323 

Topographer, 63 



BX 303 

Topographioal plan, aarrey tor, 89 

— notw, plotting, BO, S3, 6*. OS 

Topography, plotting in the field, 183 

Track, 313, 389 

Trailing pointa (T.P.), 307, 208 

Troffio, 5, 983, 28fi 

Truus, tasting speed of, 360 

— , TaUe of apeeds of, 381 

Transit of big loads, 383 

Tntnait-theodolite, 83, 15 



, formoln for oslncr versines on, 

171 

■_, setUng out on the ground, 188 

— spirals, proparUea of, 138 

, example* ol, ICO 

, setting out b; defleotioa angles. 



, oflsett, 186 

Transitman or theodoUteinan 61 
Traverse, 11 
1,17 
ig-by: 
direotion of n 
Trimming or dressing ^opes, 187 
Tropios, anrreys in the, iA 
Tr\uik or main line, 1 
Tnnnel spiral, 30, 31 
Tuning pointa or hubs, U 
^pea of reoonnaissanoe, 9 

V&LiiKr route, 17 
V-oroeainga, 918 
Velooitiea of tndna, Table of, 961 

,tMtdng,360 

Velocity hBadsTTable ot, 88 
Versines and oanto, 389 
VerCioal onrres, 86 

.Table of, 86 

Virtual profile, 90 

Volumes in cutting and embank- 
ments, 71 

Wura or borrow of materials, 7G, 77, 

80,89 
Water troughs, 376 
Weighing rails in the track, 313 
Wing rail, 311, 396 
Working plans and seotions, 18 



by Google 



TWO NEW MODELS 



1. Casella'ft Dumpy Level 



Ask foi details of 

pamphlets improvements 

giving in design. 



2. Casella's Tacheometrical Theodolite 



Both these are instruments very much better than the 
ordinary. TTiey are produced at low prices. 



C. F. CASELLA & CO. 

LIMITED, 

49 & 50. Paxliament Sheet, LONDON, S.W. 1. 




IINDISPEINSABLE 

For 

Railw/vy Engineers 

For showing :- 

( 11 stutuk AccacmTKW. BHwme t cokstinq; 

G TRKTITC EFrORT TO K MEASUIIED AT 



ALLSPCEDS. 
<ti) "nit NATURE OF THE LAV-OUT OF THE LINE : THE 
EXTENT TO WUCH CENTRIFUGAL FWtCE WHEN 
ROUNDIMG EACH A ANY CIMVE IS BALANCED BY THE 
SUPER- EUVATIOH OF THE OUTER RAIL : TK SAFE 
SPEEDS FOR NEGOTIATINe THE CURVES; THE CFFECF- 
IVEHESS OF THE TRAHSITIOH CURVES. 



ft/U. PARTICULADS FROM- 

fl*' i.CcMRAL Buildings ^k 
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RAILWAY DRAINAGE 

"ARMCO" INGOT IRON 

(GUARANTEED 99-64% MINIMUM IRON CONTENT.) 



Concrete Culverta are expendve to inatal, but "ARMCO" 
INGOT IRON CULVERTS, beudea being unaffected bj earth 
•ettlemeat, are eaailr handled, traniported and erected. 

Thia PURE IRON owing to ita ANTI-CORROSIVE pro- 
pertiea baa ■ very grcatlj inereaaed life compared with mild ateeL 

It ia alao aold in the form of Sheeta, Sectional Material, 
Boiler Tubea, Welding Roda, Telegraph and Fencing Wire. etc. 
and ia manufactured both in United Siaica and Great Britttio. 
Full partlcuUra trout t— 

S. H. MORDEN & Co., Ltd. 

SOLE BRITISH AGENTS, 
17 6 18, DARTMOUTH ST., 
WESTMINSTER. S.W. 1. 



The Field Engineer's 
Handbook 

a. C. WELLS, A.c.ai. 



A.C.a.l., B.Sc. 



A. S. CLAY, 

(lomdoh, ■MomiatiK 

228 + vtii iM^es, with 79 Illnstratlons and 5 Tables. Pocket shape 
with Roonded Coraers. Second Edition. 8s. 6d. net> 

A valuable bandbook of Field Snrveyirg for ciTiI enginens and Etndentf. 
Chaplets are given on Surveying Instruments, Chain Surveying, Levelling, Travers- 
ing, Cuive-ranging, Railway Locution and Const ruclion, TianstCion Curves, 
Tacheomelry and bield Astronomy. 



London: EDWARD ARNOLD, 41 & 43 Maddox Street, W.i. 



SURVEYING INSTRUMENTS. 



High Grade 

LEVELS, THEODOLITES, 
TACHEOMETERS, and aU 
Surveyors* requisites. 



C<Ualegtu and laiat littrature smt on rejuat. 



Aik for particuUrt of our patent 
DIRECT READING 
TACHEOMETER 

which ^vei horizontal diitance and vertical 
heigbt without subsequent calculation. 



T. COOKE & SONS, Ltd., 

Factory : Bnddnsham Workt, YORK. 

London Qffice ; 3, Braadmr. WMtakilw, S.W. 1. 



1 vmlumble new work ot ntennc* tor the CMI Eaglaeer 
aatt Surveyor. 

SURVEYING 

W. NORMAN THOMAS 



vtll + 536 Pages with 298 Diagrams. 
Large Medium 8vo. 31s. 6d.net. 

" The book is one of the most complete and best written and illustrated works 
on mrveying which has yet been pnblished. It is of a veiy practical character, is 
dearly written, and the illustrations and diagrams are exceptionally good, and 
provide a model of boolc-kceping and plan drawing which the students of sarreying 
can safely copy." — Tki Svrvtyer, 

" It may he recommended as being at once saflicienlly elemenlarj. (heotelical, 
practical, and advanced to l>e both a lotind text-book and a useful t>ook of reference." 
— Tkt Enginar. 



London: EDWARD ARNOLD, 41 & 43 Maddox Street, W.r 



Ttiephoae: 
Hf>Iboni U27. 




ESTABLISHED 1765. 

SURVEYING 

AND 

DRAWING 

INSTRUMENTS 

(OKPARTMENT H> 



THEODOLITES. TACHEOMETERS. 

LEVELS ind STAVES, 

DRAWING BOARDS. TRESTLES. 

TEE ind SET SQUARES. SCALES, 

RAILWAY CURVES. SLIDE 

RULES. CALCULATORS. Etc 

Rtpain a Spteiality. 



SECOND-HAND DEPARTMENT. 

Large atock of 
DRAWING and SURVEYING INSTRUMENTS 

always available. 

All Instruments and Apparatus GUARANTEED to be in 

Perfect Adjustment before leaving this establishment. 

QUARTERLY UST ON APPUCATION. 

244, HIGH HOLBORN, LONDON, W.C.I. 
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